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[lonsiTue ciydailHOW BEIMYMHBI SIBJISIETCS OCHOBHBIM B TEOPUHU BEPOSTHOCTEN U €€
npuwioxeHusx. CiaydyallHbIMU BeJIUYMHAMU, HAIPUMED, SIBJSETCS YUCIIO BHIMIABIIUX OYKOB
IpU OJHOKPATHOM OpOCAaHWUU UTPATbHON KOCTH, YHCIIO PACIABIIMXCS aTOMOB DPajaus 3a
JAHHBIA MMPOMEKYTOK BPEMEHH, YKCIIO BHI30BOB Ha Tele()OHHOW CTAHIIUU 33 HEKOTOPBII
MIPOMEXKYTOK BPEMEHH, OTKJIOHEHHWE OT HOMHMHAJIa HEKOTOpPOro pa3Mepa AeTalld Ipu
IIPaBUJIbHO HAJIAKEHHOM TEXHOJIOTHYECKOM IIPOLIECCE U T. 1.

TakuM o00pa3oM, ciyuaiinoii 6enuuuHoll HA3bIBACTCA IIEpEMEHHas BEJIWYUHA,
KOTOpas B pe3yJIbTaTE ONbITA MOKET IPUHUMATh TO WJIM MHOE YUCIOBOE 3HAYCHHUE.

B nanpHeiinieM Mbl pacCCMOTPUM JIBa THIA CIIyYallHbIX BEJINYUH — OUCKPEniHble U
HenpepuvleHble.

1. /luckpemmoie ciyuaiinvle 6e1UUUHDI.
PaccmoTpum  ciydaiiHyro BenWYHMHY (ClydaliHble BENUYMHBI Oynem

0003Ha4YaTh MPONKMCHBIMH OykBaMu JaTMHCKoro andasuta: X,Y,Z,... ) X,
BO3MOYKHBIE 3HAUEHHUS KOTOpPOH O0O0pa3yloT KOHEYHYI0 WA OECKOHEUHYIO
MOCJIeJOBAaTEJILHOCTh YHCEI Xy X, ,..., X, . Takas ciydaiiHas BenuuuHa X

Ha3bIBACTCS OUCKpemH ol (NpepbléHoIL).

Ha mnepBbIil B3IV, MOKET ITOKA3aThCs, YTO IS 3a1aHUS JUCKPETHOU CIIy4YallHOM
BEJIMYMHBI  JOCTATOYHO  MEPEYUCIUTh BCE €€  BO3MOXKHBIE 3HaueHHs. B
JEUCTBUTEIBHOCTH 3TO HE TaK: CIy4alHbIE BEJIWYMHBI MOTYT HMETh OJMHAKOBBIC
MEPEYHU BO3MOKHBIX 3HAYECHUH, a BEPOATHOCTH UX — pa3iauyHbie. [loaTomy

JUIsL  3aJaHus  JUCKPETHOM CJIyYallHOM BEJIMYMHBI HEeJO0CTaTOYHO
MEPEYUCTUTh BCE  BO3MOXHBIC €€ 3HA4eHHUs, HYXHO €IIe YKa3aTh HX

BEPOSITHOCTH.
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Baoicneuwen xapakmepucmukou cay4yauHou 6eJUYUHBL CIAYHCUM  ee
pacnpeoenenue eepoamHuocmeit.
3aKOHOM pacrnpeqeneHus AUCKPETHON Cily4yallHOM BEJIMYMHBI Ha3bIBAIOT
COOTBETCTBHE MEXIy BO3MOXXHBIMH 3HAUYCHHSIMHU W WX BEPOSITHOCTSIMH; €TO
MOYKHO 33J1aTh TaOJIMYHO, aHATUTHYECKH (B BUIE (HOPMYJIbl) UIU Tpaduuecku.
[Ipu TabaM4YHOM 3aJaHUM 3aKOHA pACHpE/IeNICHUs] AUCKPETHOW CilydalHON
BEJIMYMHEI TIEpBasi CTPOKA TaOJIHIIBI COAEPKUT BO3MOKHBIC 3HAUCHUS, a BTOpas -

HUX BCPOATHOCTHU!

=

pl pz cee pn

[IprHsAB BO BHHMAaHUE, YTO B OJHOM HCIBITAHUM ClIy4alHas BeEJIWYHMHA
INPUHHUMAET OJHO U TOJIBKO OJJHO BO3MOKHOE 3HAUYECHHE, 3aAKII0YAEM, YTO COOBITUS
X=x, X=x,,..., X =x,00pa3yloT NOJHYIO I'PYIILy; CIEJOBATEIbHO, CYMMa
BEPOSATHOCTEM 3TUX COOBITHH, T. €. CyMMa BEPOSATHOCTEH BTOPOMl CTPOKHU

Ta6JII/IIH>I, pPaBHa CIUHUIIC:

p,+p,+...+p, =1.
P(X=x)=p,, k=1,2,..n, Y p =1 (3.1)

Oty  TabnMily — Ha3bIBAlOT  pPAOOM
pacnpeoenenus Cily4alHOW BEIUYUHBI X .
Harnsigno ¢yHkiuio p(x) MOXHO U300pa3uTh B
Bujne rpaduka. Jns  3TOro  BO3BMEM

NpAMOYTOJIbBHYIO CHCTEMY KOOpAMHAT Ha

mockoct. [lo ropusoHTanmpHON ocu Oyaem

OTKJIaAbIBaTb BO3MOJXXHBIC 3HA4YCHUA

Puc. 3.1

CIIy4allHOM BEJIMYMHBI X , a 110 BEPTUKAIBHON
OCHU - 3Ha4YeHus QyHKIUU p, = P(x= xl.). I'padux Pynkuu p(x) n3odpaxeH Ha

puc. 3.1. Eciu coeIMHUTHL TOYKH 3TOTO Tpaduka MPSIMOIMHEHHBIME OTPE3KaMH, TO



HOJXy4uTCs (PUTYpa, KOTOpasi Ha3bIBACTCS MHO20Y201bHUKOM PACNPEOENeHUS .

Ipumep 3.1. Ilycth coObiTHE A — MOSBICHUE OJHOTO KAKOTO-IMOO OuYKa
npu OpocaHMM WTrpaJibHON KocTh. Kak MBI 3HaeM, BEpPOSTHOCTH BBITIAJICHUS
Kakoro-nmubo ouka juist Bcex uudp (1, 2, 3, 4, 5, 6) onunakoBa u pasHa P(A)=1/6.
Paccmotpum cirydaiinyro BeanunHy X — YMCIIO HACTYIUICHUH coObiThs A (T.€.
YHCIIO m) TP JAecaTh OpocaHusx wurpaipHoi KoctH (T.e. N=10). 3HaueHus

byHKIUH p(Xx) (3axkona pacnpedenenus) NpUBEICHBI B CIICTYIOIICH TaOIUIIE:

3nauenus X 0 1 2 3 4 5 6 ... 110

Bepostnoctn plx;) | 0,162 | 0,323 | 0,291 | 0,155 | 0,054 | 0,013 [ 0,002 | ... | ©

X =0 o3Hayaet, yro mudppa 1 (wm mobas Apyras U3 LIECTH, MOTYIIUX
BBINIACTH) MPU JIECSITH OpOCAHUM KOCTH HE BbiMasia HU pasy. X =1 - mudpa 1

pu ecatu OpocaHuii BbINajga oJuH pa3. X =2 - 1Bapasza u T.I.

Beposataoctn p(x,.) OpUBEACHHBIE B TaOJIMIIE, BBIYMCIECHBI MO (opmyJsie

bepnynnu (P, (m) = _n p"

|( )l Q""") opu  n=10. lna  x>6 oHu
m:i-n—-mj!

MIPAKTUYCCKU paBHbI HYIIIO.

0 10-0 10
plo(o)zL(E) (E) =£1(§) =0,162
0(10-0)r \6) \6 10/ ~ 6

-—-0,232=0,155

2 8 ’

{2} =290 L 6932-0,201
6) 2.8/ 36

( T 2.3.71 6

5)7 10/ 1
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110(4)=L.(1) (E) =L.i.o’3348=0,o54
41(10-4)! \6 2-3-4-6! 6*

1)10(5)=L-(1) (E) _ 100 1 44018=0,013
5/(10-5): \6) \6) 5/5/ 6°

A

p(x)
I'pacdux byHKIIAN p(xX) 04—

n300paxeH Ha puc. 3.2. N

0’3 ] ®
10 TaK Ha3bIBaeMblii B
02 —
OMHOMMHAJIbHBII 3aKO0H ¢
pacnpenejaeHus 01 —

L.
D SR
2 4 6 8 10
Puc. 3.2

2. Yacmo ecmpeuatoujuecs pacnpeoeienus OUCKPemHOU CAYyYaiiHoll

6e/luvUuUHbl.

1. 3axkon pacnpedenenusn bepuynnu. Ilyctb ciyuaiiHas BenuunHa X 3TO
YHCJIO0, XapaKTepU3yIoIlee HACTYIUICHHsI COObITUSL A TIpu 0IHOM HcTibITaHuu. [lpu
ATOM MHOXECTBO BO3MOHBIX 3HaueHuii X coctouT u3 2-x yucen O m 1. x=0,

ecnu coObiTie A He mpousonuio, 1 x =1 ecnu cobsitue A mpousouuio. Takum

obpasom: p(0)= P(x=0)= P(Z)= 1-p=¢q p()=P(x=1)=P(4)=p

x, |0

1

p|1|P

Pacnipenenenne bepHymnu wurpaer ¢yHIaMEHTAIBHYIO pOJb B TEOPUHU
BEPOSAATHOCTEM W MAaTEMaTH4YECKOM CTAaTUCTUKH, SBISIACH MaTEMaTUYECKOU

MOJECJbIO OIIbITAa C IBYMA UCXOJaMU.
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IlycTp, HampuMmep, UMeeTCs MapTUs HEKOTOPOM NPOAYKLIHMH, B KOTOPOHU

npoayKuus 0e3 nedeKTOB BCTPEUYAETCS C BEPOSITHOCTHIO p, @ HEKAueCTBEHHas
IPOIYKUHUA C BEPOATHOCThIO ¢ =1— p. [lycTh cayuaiinag BennunHa X =1, ecnu

pu BBIOOpPE ToMagach KauecTBeHHas npoaykius U X =0, ec’au HeKaueCTBEHHas.

Torpa cinyvaitHas BenuunHa X OyAeT UMeTh pacnpesenenue beprymu.

IMpumep 3.2. Cnoyuaiinas BenuunHa X — YHCJIO OYKOB, BBINMAJAIONINX MPH
OJIHOKpATHOM OpPOCAaHHMH WUTPaJIbHON KOoCTH. Bo3MmoykHbIe 3HaYeHHS X — 4wncia 1,
2, 3, 4,5 u 6. Ilpu 3TOM BEpOATHOCTH TOTO, YT0O X TPUMET JIF000E U3 ITUX
3HAYCHHI, O/IHA U Ta e ¥ paBHa 1/6. Kakoii Oymer 3akoH pacrnpeaencHus?

Pemenne: 31ech 3aKOH pacHpelesieHUs BEpPOSITHOCTEW €CTh (DYHKIUsS

p(x)=1/6 nyst moboro 3HaveHus x u3 MHOXkecTBa {1, 2, 3,4, 5, 6}.

()

1/6 s

2 3 4
Puc. 3.3
['padux 3TOrO 3aKOHA MMEET BUJ, M300paKEHHBIN HA puUC. 3.3.

[
v

2. bunomunanvhuuii 3axkon pacnpedenenus. CiydaitHas BenudymHa X

npuHuMaet 3Hauenus: 0,1,2,3,4,5,...,n, C BEpOATHOCTBIO, OIPEICISIEMON MO

n!

dbopmyne bepnymu: P(X=m)=Pn(m)= )’p”’ -q" ™. 3necy  p -
m)!

m! (n -
MOCTOSIHHAsI BEPOSITHOCTh TOTO, YTO CiydyailHas BenuumHa X B CEpUd M

WCTIBITAHUY MIOSIBUTCSL Ml Pa3.
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A
plx)
04—
[Ipumep sTOrO0 3aKOHa MBI (3 | "'\
paccmotpenu Beiie. ['paduk 3Toro -]
3aKOHA MMEET BUJI, N300paKEHHBIN 02 _1
Ha puc. 3.4. 01 —
[ ]
1 I
2 4 6 8 10

3. 3akon pacnpeoenenusn Ilyaccona. Cnyyaiinas enmnunHa X TpPUHAMAET

OeckoHeUHOe cueTHoe uucio 3Hauenwit: 0, 1,2, 3,4, 5,...,k,..., ¢ BEpOATHOCTBIO,

onpenensrolieics mo Gopmyne Ilyaccona:

A«k .e -A
P(k)=P(X=k)=T (3.2)
rne A>0 — HekoTopass TMOJOXKUTENbHAS IOCTOsTHHAS - rnapameTp

pacnpenenenus Ilyaccona..

B srom ciydae roBopAT, 4To cilydarhHas BeauunHa X pacrpenesieHa Io
3axony Ilyaccona. 3ametnm, uto ipu K =0 cienyer monoxuts 01=1.

®opmyiny IlyaccoHa MOKHO MOJYYHTh KaK MpeAesibHbIN ciaydyail (Gopmylibl

BepHYJ'IJ'II/I IIpH HCOTIPAHWYCHHOM YBCIIMYCHUU YHCIIA HUCIOBITAHUM N U IIpu

A
CTPCMJICHHH K HYJIIO BEPOATHOCTU p= H .

IIpumep 18. Ha 3aBox nmpubsuia naptust neraned B koiaudectse 1000 mrr.

BepositHocTh TOTO, 4TO neTanb okaxercs OpakoBanHoiu, paBHa 0,001. Kakosa




BEPOSITHOCTH TOTO, YTO CPEIM MPUOBIBIINX JeTasiell OyneT 5 OpakoBaHHBIX?

Pemenue: 3nece A =mnp=1000-0,001=1. TIlo dhopmyne (17)mHaxogmum

1°-e”!
P1000(5) N—r, ® 0’003
5.’
Pacnipenenenune Ilyaccona yacto BcTpewaercss M B JApyrux 3ajadax. Tak,
HaIpuMep, eciu TeaeOHUCTKA B CpeTHEM 3a OJIMH Yac mosiydaeT N BBI30BOB, TO,
KaK MOKHO MOKa3aTh, BEPOSATHOCTD P(k) TOT0, YTO B TEYEHUE OJHON MUHYTHI OHA

N
noJy4uT K BEI30BOB, BeIpaxkaeTcs popmyiioit [Tyaccona, eciiu monoxute 4 = —.

60

pa)= (M) . L)

k! (60

3. Dyukyus pacnpeoenenHus 6epoOAMHOCMeENl CIYUAUHOI 6eTUUUHDL U ee

ceolicmaa.

PaccmoTpum HekoTopyro pyHkuuio F(x), onpeaeeHHy0 Ha BCEH YHUCIOBOM

OCH CJICIYIOITUM 00pa3oM: ISl KaKJI0oro X 3HaueHue 3Tod QyHkiuu F(x) paBHO

BEPOSITHOCTU TOTO, YTO JUCKPETHAS ClydyallHas Bequ4uuMHa X TPUMET 3HAYCHHUE,
MEHBIIIEE X, T. €.

F(x)=P(X <x) (3.3)

B »stom cnyuyae sTa (yHKUMS Ha3bIBaeTCs hYHKuueu pacnpeoenenHus

eepoammuocmeii, W KPaTko, hyHKyueil pacnpeoeieHus.

Ipumep 19. Haittu ¢pyHkuuio pacrpenesneHust cilydailHOW BeTWYuHbI X,
npuBefcHHOM B mpuMmepe 17 (CaydvaiiHas BenuumHa X — — YHCIIO OYKOB,
BBIMAJIAIOIINX [TPH OJTHOKPATHOM OPOCaHUM UTPATBHOM KOCTH).

Pemenmne: SlcHo, uto ecim x <1, to F(X)=0, tak xak X He HpUHAMAET

3HaquHfI, MCHBIINX CIAWHUIIBI.
1

Ecim 1<x<2, 710 F(x)=P(X<x)=P(X=1)= 5
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Ecm 2<x<3, 10 F(x)=P(X<x)=P(X<3). Ho cobOwitne X <3 B

JAHHOM CJIy4ae SIBJIIETCS CYMMOMW JIByX HECOBMECTHBIX coObITHIl: X =1 u

X =2. CienoBaTenbHO,

P(x<3)=P(x=1)+ p(Xzz)zé %Z%

Utak, gd 2<x<3 MMEEM y

A
F(X)=1/3. AHamOrHYHO  BBIYHCIISAIOTCS 1 — F(x) p
3HaUYCHUAd (PYHKUMM B  IPOMEKYTKAX 5/6 — —
416 — |
3<x<4, 4<x<5 wu b5<x<6. H !
3/6 e
Haxkowern, ecnmu x> 6 10 F(X)=1, Tak kak 275 — “— L0
B OTOM chydae Joboe Bo3MoxkHoe — 1/6 — ‘_*
spauenne X (1, 2, 3, 4, 5, 6) MeHbIE, yeM ] N
1 2 3 4 56
X. I'paduk ¢ynkmmm F(X) m3o0paxeH Ha Puc. 3.5.

puc. 3.5.

3nas pynknuro pacnpenencHus F(X), Jlerko HaWTH BEPOSTHOCTH TOTO, YTO

ciydaiiHas BenuurHa X yAOBJIETBOPSIET HEpaBeHCTBAM X, < X < X, .

JleficTBUTENFHO, PACCMOTPUM COOBITHE, 3aKoyaromeecs B TOM, YTO

cllydaiiHasl BEJIMYMHA PUMET 3HAYEHHE MEHbBIIEE X,. OJTO COOBITHE pacnanaercs

Ha CYMMY JIByX HECOBMECTHBIX COOBITHIL: 1) cinyuaiiHas BenmnunHa X NPUHUMAET

3HAUYCHUS, MEHbIINE X,, T.e. X <X ; 2) ciy4ailHas BeiaudnHa X MPUHUMACT
3HAUYCHUS, YAOBICTBOPSIOIINE HepaBeHCTBaM X, < X < x,. Mcrnone3ys akcuomy
CIIOXKEHHS, TIOJTyIaeM:

P(X <x,)=P(X<x,)+P(x,<X<x,).

Otcrona P(x1 <X< x2)= P(X < xz)— P(X < xl). Ho mo ompenenenuro
¢byukuun pacnpenenenus F(X) [ecm. dopmyny (3.3)], umeem P(X < x2)= F (xz),
P(X < xl)= F (xl); CJIEI0BATEIILHO,

P(x, <X <x,)=F(x,)-F(x,) (3.4)

Takum o00pa3oMm, 6eposasmHOCHb NONAOAHUA OUCKPDEMHOU CYUAHOU
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eenruuunvl 6 unmepean x,<X<Xx, pasna npupawienulo  QyHKyuu

pacnpeoenenus Ha IMoM uHmepaaJe.

PaccMOoTpuM OCHOBHBIE CBOMCTBA (DYHKIIMH paCIIpEICIICHUS.

1°. @ynkyusa pacnpedenenus asnaemca Heyovlearouiell.

B camom nene, mycth X, <x, . Tak Kak BEpOSTHOCTb JHOOOrO COOBITHS
HEOTpHUIIaTeIbHA, TO P(x1 <X< xz) . [TosTomy u3 dopmynsl (3.4) cienyer, 4yTo
F(xz)—F(xl)ZO, T.C. F(x2)> F(xl).

2°. 3Hauenusa @yuKyuu pacnpeoeneHusn y00ej1emeopaiom HepageHCcmeam
0< F(x)<1.

DTO CBOMCTBO BBITEKAaeT M3 TOro, uto F(X) ompenensercss kKak BepOSTHOCTb
[cMm. dopmyny (3.3)]. ScHo, uTO

F(—oo)=0 u F(+oo)= 1.

3necer W B JJaJbHEHIIIEM BBEACHBI 0003HauyeHus: F (— oo)= lim F (x),

X—>—®

F +oo)= lim F(x).

X —=>+®©

3°. Bepoamnocms mozo, umo Ouckpemuas ciyuaiinas eeauuuna X npumem
00HO U3 603MOJICHBIX 3HAYEHUN X,, PA6HA CKAYKY (yHKyuu pacnpedenenus 6 mouke

X..

l

JIeiCTBUTENBHO, MyCTh X, - 3HAYE€HUE, NPUHMMAEMOE IMCKPETHOW CIy4anHON
BesmunHoi, n Ax > 0. [onaras B popmyne (3.4) X, = X,, X, =X,+Ax, nonydnm
P(x, < X <x, + Ax)= F(x, + Ax)— F(x,)
B npenene npu Ax — 0 BMecTo BeposTHOCTH HOMafaHKs cily4ailHOM BETMYMHBI HA
untepBan X, < X < X, + AX nonydnm BepoOSTHOCTb TOrO, YTO BelMYMHA X [PUMET

JaHHOC 3HAUYCHUC xi .

lim P(x, < X < x, + Ax)= P(X = x,)= p(x,)

Ax —>0

C Japyrodl CTOPOHBI, MOJNYYaeM iimo P(xl. + Ax)= F (xl. + 0), T.€. Tpenen

¢ynkuun F(X) cripasa, tak kak  Ax > 0. Cnenoparensho, B npesiesne popmysaa MPUMET
BUJI

p(xi)= F(xi +0)_F(xi)= F(xi +O)_F(xi _O)
T.e. 3HAYEHHE p(x,.) paBHO cKkauky Gyakiun I (x,.). MoXxHO mOKa3aTh, YTO

F (xi)= F (xl. —0), T.e. 9ro Qynkius F(X) HempepsiBHa cieBa B TOuke X,. OTO
CBOWMCTBO HATJISIHO WILTFOCTPUPYETCS Ha pUC.4.
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4. Henpepbignoie ciyuaiinvle 6e1UYUHDbL.
Kpome NIUCKpeTHBIX Cily4ailHbIX BEJIMYMH, BO3MOKHBIE 3HAYEHHUS KOTOPBIX
00pa3yloT KOHEYHYI0 WM OECKOHEYHYI0 TOCIEAOBATEIbHOCTh YHCEN, He
3aMOJHSIONIMX CIUIONIb HMKAKOTO HWHTEpBaja, YacTO BCTPEYAIOTCA ClydalHbIe

BCJIMYUHBI, BO3MOKHBIC 3HAUYCHUS KOTOPBIX O6p&3YI-OT HCKOTOpBIfI HHTCPBAJI.

IIpuMepoM Takol CIly4ailHOM BEIMYUHBI MOXKET CIIYXKUTh OTKJIOHEHHE OT HOMHUHAja
HEKOTOPOT0 pazMepa JeTalld IIPY MIPaBUIIBHO HAJIAKCHHOM TEXHOJIOTHYECKOM IPOLIECCE.

Takoro poaa, CﬂyqaﬁHBIe BCJIMYMHBI HE MOI'YT OBITH 3aJaHbl C ITOMOIIBIO

3aKOHA paclpeleseHus BEPOATHOCTEN p(x). OngHako HMX MOXHO 3a1aTh C

MOMOIIBI0  (PYHKIMM pacnpeneneHus BeposTtHocTedl F(x). Orta (dyHKuus
OMpENEIIAETCS TOYHO TaK )K€, KaK M B CIIy4ae JUCKPETHOM CIIy4YallHOM BEJIMYMHBI:
F(x)=P(X < x)

Takum oOpasom, u 31ech pyHkuus F(x) onpeneneHa Ha BCEH YMCIOBOU OCH,
U €€ 3HAYEHUE B TOYKE X PAaBHO BEPOATHOCTH TOTO, YTO CIlIydailHas BEJIWYMHA
IPUMET 3HAYEHUE, MEHBIIIEE, YEM  X.

®opmyna (3.4) wm cBoiictBa 1° wm 2° cmpaBeIMBBI IS (DYHKIIUN
pacripefiesicHuss Jr000H CiaydyalHOW BeNMWYMHBL. Jl0Ka3aTeabCTBO IMPOBOIUTCS
aHAJIOTUYHO CIIYYaro JUCKPETHON BEIMYUHBI.

CnyuaiiHasg BenuuuMHa X  Ha3bIBACTCAd HENPEPbI6HOU, €CIU Ui Hee
CYLIECTBYET HEOTpULATENbHAasl KyCOYHO-HempepbiBHas QyHKuus  (QyHKIuUsA
Ha3bIBAETCSI KyCOUYHO-HENPEPHIBHON HA BCEW YMCIOBOM OCH, €CIIM OHA Ha JII00OM
CerMEHTE WJIM HEMpPEephIBHA, WIM MUMEET KOHEYHOE YHCJIO TOuYeK paspbiBa | poja)

go(x), YAOBJIETBOPSIONIAS 1JIs JIIOOBIX 3HAUEHU X pPaBEHCTBY
F(x)= [o(r)dr (3.5)

OyHKIMSA (o(t) Ha3bIBACTCSI NJIOMHOCHMbIO PACHPEOeeHUs 8EPOAMHOCHEIL,

HJIN KpPAaTKO, MJIOMIHOCHIbIO pacnpeéeﬂeuuﬂ. Ecmu X, <X,, TO HAa OCHOBaHUHU

dopmyi (3.3) u (3.4) umeem



P(x, < X <x,)= F(x,)= F(x,)= igo(t)dt _ _];gp(t)dt - j¢ ()it (36)

I/ICXOI[H N3 TCOMCTPHYCCKOI'O CMBICJIAa HHTCrpalla KakK INIomaiad, MOKHO

CKa3aTh, YTO BEPOATHOCTD BBIIIOJIHEHHS HEPABEHCTB X, < X < X, paBHA ILJIOLIAIU
KPHUBOJIMHEMHOM Tpameuuu C OCHOBAHUEM y
|.

[xl,xz], OTPAHUYEHHOW  CBEpXy  KpHUBOU

y=¢(x) (puc. 3.6).
Tak kak F(+oo)=P(X<+oo)=1, a Ha

ocHoBaruu hopmye (26) F(x)= jﬁ¢(t) dt, To

T(o(t) dt =1 (3.7)

Hanee, nons3ysch dopmyioii (3.5), Haiinem F '(x), MPOU3BOJHYIO OT F (x),
KaK IIPOM3BOJAHYIO OT HHTErpaja IO MNEPEMEHHOM BEpPXHEW TIpAaHULE, CUUTasd

IJIOTHOCTB PACIpPEIEICHUS qo(x) HernpepblBHOM.  [IpaBuiio nuddepenmpoBanus

WHTErpana ¢ MEPEMEHHOM BEPXHEW T'PAaHUIIEH, BBIBEICHHOE B CIydae KOHEYHOMU
HIDKHEW TpaHMIbl, OCTAETCs CIPaBEMJIMBBIM U JUIsI MHTETPAIOB ¢ OECKOHEYHOM

HIDKHEW rpanunei. B camom nene,
d X d a X
2 Fotar) -4 four-+ folur|-0+ 0 (9=0 ()

a
Tak kKak uHTErpa _[ ¢(t)dt €CTh BEJIMYMHA MOCTOsIHHASA. TakuM 00pa3zom

— 00

Fr(x)%(jf(t)dt):w(x) (39)

3amMeTM, 9YTO JJIi HENPEPBIBHOW CIy4allHOW BEJIMYUHBI  (DYHKITHS
pacnpenenenuss F(x) HempepplBHA B J000W TOuke X, rA¢ GYHKIHS ¢(x)
HEMpepbIBHA. DTO CIEyeT U3 Toro, uto F(x) B aTX TouKax auddepeHnupyema.

Hanee, Ha ocHOBaHuM (popmyiisl (3.6), monaras x, = x, X, = x + Ax, umeeMm:

P(xSX<x+Ax)=F(x+Ax)—F(x)=AF(x)
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B cuny nenpepsiBHOCTH (yHKIMH F(X) TOIy4UM, YTO AlimoA F (x)=0.

CrnenoBaTesbHO Alim P(x <X<x+ Ax)= P(X = x)= 0. Takum oOpa3om,

x—=>0

6€POAMHOCMb MO20, UmMO HenpepvlieHan Cﬂyllaljﬂa}l eeluvunHa moocem

RPUHAMDb a1000e omoenbHoe 3HaAUeHUe X, paeéna H)Jio.

OTCIOI[a CJICOy€eT, 4YTO CO6BITI/I$I, 3aKJII0YaroIueCsa B BBIIIOJIHCHUN KaXJI0Io us
HepaBeHCTB: X, S X <X,; X, <X=<x,; x,<X<x,; x <X<Xx,; nmeror
OJIMHAKOBYIO BEPOSITHOCTB, T.€.

P(xl <X< x2)= P(xl <X< x2)= P(x1 <X< x2)= P(xl <X< x2)
B camowm nene, Hanpumep,
P(x,<X<x,)=P(X=x)+P(x,<X<x,)=P(x, <X <x,)
TaK Kak P(X = xl)= 0.

3amMeuaHmue.

Kak MBI 3HaeM, eciw COOBITHE HEBO3MOXKHO, TO BEPOSTHOCTh €Tr0 HACTYIUICHHUS
paBHa Hymo. [Ipu KiaccuueckoM ONpENeNeHUH BEPOSITHOCTH, KOTJla 4YMCIIO HCXOJ0B
WCIIBITAHUN KOHEYHO, UMEET MECTO M 00paTHOE MPEIIOKEHUE: €CITU BEPOITHOCTD COOBITUS
paBHa HYJIIO, TO COOBITUE HEBO3MOXKHO, TaK KaK B 3TOM CIIyyae eMy He OJIaronpHusTCTBYET
HU OJIUH U3 UCXOJOB UCHBITAHHUS.

B cnydae HenmpepbIBHOM CIy4allHOM BEJIWYMHBI YMCIO BO3MOXKHBIX €€ 3HAUYCHUH
OeckOHEeYHO. BeposTHOCTH TOro, YTO 3Ta BENIWYMHA MPHUMET KaKoe-INOO KOHKPETHOE

3HA4YCHUC xi KakK MBI BUACIIU, paBHA HYJIIO. OI[H&KO OTCrOZIa HEC CJICAYET, YTO 3TO COOBITHE
HCBO3MOJXHO, TaK KaK B PE3YyJIbTAaTC HUCIbITAHUA cnyqaﬁHaﬂ BCIMYHMHA MOXKCT, B
YaCTHOCTHU, IPUHATH 3HAYCHHUC xi .

[ToaToMy B ciydae HENpPEpPHIBHOM CIy4alHOW BEJIWYMHBI HMMEET CMBICI

TOBOPUTH O BEPOSATHOCTH NMOIIAIaHUSA CJIy‘-IﬂﬁHOﬁ BCJIMYHUHBI B MHTEPBAJI, 4 HC

0 BCPOATHOCTH TOI'O, YTO OHA ITPUMCT KaKOC-TO KOHKPCTHOC 3HAYCHHC.

TaK, HarmpuMmep, Mpu U3roTOBJICHHUH BajJIMKa HAaC HEC MHTEPCCYCT BEPOATHOCTH TOIO,
qTO €ro JuamMeTp 6y,Z[eT paB€H HOMHHAITY. I[J'IH HAC BaKHA BEPOATHOCTH TOT'O, UYTO AUAMCTP
BaJIMKAa HC BBIXOAUT U3 IIOJIA JOITYyCKa.
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Ipumep 20. IlnoTHOCTH pacmpeneneHuss HENPEepPhIBHOW  CIydalHO
BEITMYMHBI 33/1aHA CIICAYIOIMNUM 00pa3oM:
0, ecru x<0
o(x)= 3—32 . (4x - xz), eciu 0<x<4

0, eciu x>4

['paduk pynkunun go(x) MPEJICTABIIEH Ma puc. 3.7.

} (D(X)
5
R S S S
Puc. 3.7

Omnpenenuth. 1) BEpOATHOCTH TOTO, YTO ClydaiiHas BeJMYMHA X MPUMET
3HA4YCHHE, YIOBJICTBOpstomiee HepaBeHcTBaM —2< X < 3. 2) Haiitn ¢yHKIuio
pacrpeneneHus 3aJJaHHOM CIIy4YailHOW BEJIMYUHBI.

Pemenue: Vicrons3ys dhopmyiny (3.6), mmeem:
27

P(-25x<3)= jzgo(x)dx = igo(x)dx + iqa(x)dx = jZde + i%@x - )dv="0

[To ¢opmyne (3.6) Haxomum QyHKIMIO pactpeaencHus F(X) ams 3amanHOM

ciydaiiHoil BennunHbl. Eciin —oo<x<0,T0 F (x)= iqo(t)dt = iO -dt=0.

Ecim 0<x<4, 10

(9= foldir= o) are o) = forarf D)= 2%

Ecnmm x>4, 10

F(x)= jf(t)dt _ jf(t). dt + iq,(t). dt + Iq,(t). dt =

0 4 3 x
= J'O-dt+I§(4t—t2)-dt+£0-dt=l

—® 0
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Hrak,
0, ecru x<0
6x° —x°
32
1, ecnu x>4

F(x)= eciu 0<x<4

I'paduk pynkuuu F(X) nzodpaken Ha puc. 3.8.

b F(x)
] -

£ -
oy

Puc. 3.8.

CH@I[YIOH_II/Ie TPHU IIYHKTA ITOCBAIICHLI 4aCTO BCTPCYANOIIMMCA HA IIPAKTHUKC
PaclpCaACICHUAM  HCIIPCPBIBHBIX CJIY“I&fIHBIX BCIIMYUH — PAaBHOMCPHOMY,

9KCIIOHCHIHNAJIIBHOMY U HOPMAJIBHOMY PaCIIPCACIICHUAM.

5. Paenomepnoe pacnpeoenenue.

ITycth cerMeHT [a,b] Ha ocu OX ecTp mIKaJla HEKOTOPOro Ipuodopa.
JlomycTuM, 4TO BEPOATHOCTD MOMAIaHUs YKa3aTelisi B HEKOTOPBIH OTPE30K IIKAJIbI
MPOTNOPLUMOHANIbHA JJIMHE JTOT0 OTpPE3Ka M HE 3aBUCUT OT MeECTa OTpe3Ka Ha
mkane. OTMeTKa ykaszaTeias Nmpubopa ecTh clydaiiHas BeaudumHa X MoOTrymias
MPUHATH J000€ 3HAUCHUE U3 CEerMEeHTa [a,b]. [ToaTomy P(a <X Sb)=1. Ecnn,
nainee, x, U X, (xl < xz) - JB€ JOObIe OTMETKU Ha IIKaje, TO COTJIACHO
YCIIOBUIO HMeEEM P(x1 <X Sx2)=k-(x2 —xl), rnie K - xoadumment

IPONOPLMOHAIILHOCTH, HE 3aBUCSIIMNA OT X, U X,, a pa3HOCTb X, — X,, - JUIMHA

cermenta [x,, x,]|. Tak kak npu x, =a u x, =b umeem P(a < XSb)=1, TO

1
k- (b — a) =1, otkyna k = b— Takum obpazom
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X

P(x, SXSx2)=% (3.9
—a

Tenepp Jserko HaWtd ¢yHKUO F(X) pacnpeneiacHus BEpPOSITHOCTEH
cinydyarHou BenmuuuHbl X . Ecimm x<a, to F (x)= P(X < x)= O tak xak X He
IIPUHAMAET 3HadYeHud, MeHbmmx a. I[lycte Temepp a<x<bh. [lo akcuome
CIHOXEHHUSI  BEPOSITHOCTEU P(X < x)= P(X < a)+ P(a <X< x). CornacHo

dbopmyrne (3.9), B KOTOpoll NpUHUMAEM X, =a u X, =X, HMEEeM

X—a

P(aSXSx)zb .
—a

Tak kak P(X< a)= O, To mpu a<x<bh mnonxyyaem

F (x)= P(X < x)= F . Hakonen, ecitu x> b, 10 F (x)= 1, Tak Kak 3HaYCHUS
—a

X 5exaT Ha CEerMeHTe [a,b] U, CJeIoBaTeIbHO, He mpeBocxomar D. Urak,
MPUXOIUM K cieayroend GyHKIMN pacipeaesieHUs:

0, ecru x<a

F(x)= x—a’ ecru a<x<bh.
b—a
1, eciu x>b
I'paduk Gpyuakuuu F(X) npencrasien Ha puc. 3.9.
[TnoTHOCTH pacmpeneneHusi BeposTHOCTeN HaineM mo (opmyne (3.8). Ecnm

x<a wm x>b, 10 @(x)=F'(x)=0.Ecm a<x<b, 0

o()=F(x)=( 272 )=

—a
Takum o0pazom,
0, echru x<a
(o(x)= ﬁ, eciu a<x<b (3.10)
1, eciu x>b
I'padux Ppynxuun ¢)(x) n300pakeH Ha puc. 3.10. 3ameTum, 4TO B TOUKaxX a

ub pynaxuums ¢)(x) TEPITAT Pa3pbIB.
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o
X ]
Puc. 3.9 Puc. 3.10

[~ "N B

0]

BenuunHa, TIOTHOCTH pachpeneicHus KoTopol 3amana dopmynoi (3.10),

HAa3bIBACTCS PAGHOMEPHO PACNPEOEeHHOl CITYYaliHON BEIIMUYUHOM.

6. Hopmanvnoe pacnpedenenue.
['oBopAT, uTO cny4aiiHas BenuurHAa X HOPMAIbHO pacnpeodeiieHa Wiv
MIOAYMHSAETCA 3aKOHy pacnpedenenun I'aycca, ecnv ee IIIOTHOCTb PACIIPEEICHUS

go(x) UMeEET BUJ

1 o
P(x)=——e eo?) (3.11)

rae  a - ao0oe aercTBUTENbHOE Yncio, a o > 0. CMbICT mapaMeTpoB 4@ U O
OymeT ycTaHOBIEH B pganbHeimem. Mcxoas W3 CBSI3H MEKAY ILIOTHOCTBIO
pacrpeaeieHus ¢(x) u ¢dysakuei pacnpenenenus F(X) [em. dopmynsr (3.5,

3.8)], umeem

—(t— a)z/(2~o'2)dt

0


http://www.toehelp.ru/theory/ter_ver/3_3/index.html#eqn_22
http://www.toehelp.ru/theory/ter_ver/3_3/index.html#eqn_22
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o(x) }

i~

S S— T T
i 2 1" *

Puc. 3.11.

I'paduk Pynkuuu (o(x) CUMMETPUYEH OTHOCUTEIIBHO MpsSMON X =a.
HecnoxHble wHcciaenoBaHusl IOKa3bIBAIOT, 4TO (yHKUUA go(x) JOCTUTAET
MakCcUMyMa IIpM X =a, a ee rpauk uMeeT TOYKM Ieperuda nmpu x, =a+o u
x,=a—o .llpuy x >+ o rpadpuk QpyHKIUN aCUMOTOTUYECKH MPUOIMIKAETCS K
ocu OX. MOXHO mOKa3aTh, 4YTO MpPU YBEIUYEHUHM O KpHUBass IUIOTHOCTU
pacrnpenenieHus cTaHOBUTCS Oosiee mosioroid. HaoOopoT, mpu yMeHbIIEHUH O
rpaduk TUIOTHOCTH pacrpeaeneHus: ckuMaercs Kk ocu cummerpun. [Ipu a =0
ocbto cummerpuu siBisercs ocb Oy. Ha puc. 3.11 u3oOpaxkensl aBa rpaduka
byHKUIAA y=¢(x) . I'paduk | coorBerctByer 3HauenusMm a=0 , o=1, a
rpaduxk Il - 3Havenusm a =0, o0=1/2.

[TokaxkeM, 4To GyHKIUS (o(x) yIOBIETBOPSIET ycioBuio (3.7), T.e. mpu

J]IO6BIX ad N O BBIIIOJIHACTCIA COOTHOIIICHUC
+ © 1 5 ,
[——e g =1
S0 O~ 21
B CaMOM JCJIC, CACTIACM B 3TOM HMHTCIpalic 3aMeHy HepeMeHHOﬁ, I1oJiaras

xX—a
——=t.Torna
o
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1 7 -2
o =——|e dt
o\ 2w N2 S

B cuity 4eTHOCTH NOJBIHTErpabHOU (PYHKIIMN UMEEM

[e=?at=2[e "t
— o 0
CnenmoBarteibHO,
+ o0 1 5 5 2 + © 5
~(x-aY/(26?) gu. _ -2
e dx=——=|e " “dt
S0~ 21 N 27 }[
Ho, J‘e"z/zdt= T
9 2
B pesynbprare nonyunm
! [etarrlge =1 (3.12)
o~ 21 "

Haiinem BeposITHOCTD P(xl <X< xz). ITo popmymne (3.6) umeem

X, 1 X, , s
P(x,<X<x,)= I¢(x)dx = —Ie'("'“) ) g
5 o Y
. xX—a
CrnenaeMm B ATOM MHTErpajie 3aMEHY MEepEeMEHHOM, CHOBa IoJaras =t
o

Torna x=a+o-t, dx=0c-dt,n

1 (xz—a)/o' ,

Plx,<X<x,)=—"— Ie"”dt (3.13)
271' (x, —a)/o'

2
Kak MbI 3HAaEM, HHTErpas I e”'"’*dt ne Oepercs B SIEMEHTapHBIX (QYHKIHAX.

[ToaTOoMy s BEIYHCIICHHS ompeaesieHHoro unterpana (3.13) BBoguTcs GyHKIuA,

KOTOPYIO MBI ONpeAeisuIn paHblie [popmyina (2.9)] :

d(x)= %!e 2y (3.14)

Ha3bIBaCMas UHmMeZpajiom 6eposimuocm eu.
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Jlnst aTo#t (PyHKIMU COCTaBIIEHBI TAONWIBI €€ 3HAYCHWH IS Pa3IMYHBIX

3HayeHu aprymenta (cm. Tadn. Il Ipumoxenus). Ucmonssys dopmyny (3.13)

IMOJIy4YHrM:
( ) (x2 J‘a)/a' 2, 1 i‘ 2, (xz ]‘a)/o' 2,
Px,<X<x ldt=—— |e " Cdt+—— |e ""dt=
\/ N2 (x, Za)s N2 9
(xz a)/o' s (x, a)/o' X. —a X —a
—t/Zdt_ e—t/Zdt_ 2 —(D 1
g f g oo )
Hrak,
P(x,<X<x2)=d)(x2_a)—@(xl_a) (3.15)
o o

Jlerko mokasatb, urto GyHkius @(x) (unmeepan eeposmuocmeti) obIamaCcT
CJIEAYIOIINMHU CBOMCTBAMH.

1°. @(0)=0
1 ¢ . 1
2°. @(0)=—= |e ""dt==;
)= o 173
npu ‘x‘ > 4 penuuuHa ‘(D(x)‘ npaktudecku paBHa 1/2 (cm. tadm. II).

T.€. HHTETpaj BEPOSATHOCTEH SABISETCS HEUETHOU (DYHKIIHEH.

['padux bynkumun @(x) nzobpaxken Ha puc. 3.12.

A o(x)

rol

.

y=9(x)

&Y

|
=3 I —

Puc. 3.12


http://www.toehelp.ru/theory/ter_ver/pril/table_2/
http://www.toehelp.ru/theory/ter_ver/pril/table_2/
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Taxkum oOpa3om, ecnu ciaydaiiHas BennduHa X HOPMAaJIbHO pacipenesieHa ¢
rnapamMeTpaMM @ W O, TO BEPOSTHOCTh TOrO, YTO Ciy4dailHas BEJIWYMHA
YIOBIIETBOPSIET HEpaBeHCTBaM X, < X < X, , ompenenseTcs cooTHomenueM (3.15).
[Tycts X > 0. Haiinem BeposiTHOCTh TOTO, UTO HOPMAJIBHO pacmlpeeieHHas
ciiydaiiHas BenuyruHa X OTKJIOHUTCS OT mapaMerpa a Mo aOCOJIIOTHOM BeIHYMHE

He OoJiee YeM Ha &, T.€. PaCCMOTPUM HEPABEHCTBO - Pq X—a \)< g.
Tak Kak HEpPaBEHCTBO \X —a \ <& PpaBHOCWIBHO HEPABEHCTBAM

a—e<X<a+¢g, T0 nonarag B cootHomenuu (3.15) x,=a—-¢&, x,=a+¢

HOJTY4UM
P(X-d<&)=Pla—e<X<a+ e)=@(w)—@(m)=<p(f)—¢(— f)
(o) (o) o (o)
BCHG,Z[CTBI/IC TOI'O, YTO UHTCTPAJI BGPOHTHOCTGI‘/JI - HCUCTHAas1 (bYHKHI/UI, HMEEM
P(X -al<&)= 2@(3) (3.16)
(o)

IIpumep 1. Ilycts ciyuaiiHasg BenuuuHa X TIOJYUHSIETCS HOPMAIBHOMY
3aKOHY pachpeiesieHus: BeposiTHocTel ¢ napametpamu a =0, o=2.

Onpenenurs:
1) P(-2<x<3); 2) P(x]<0));

Pemenne: 1) Mcnonssys ¢popmyny (3.15), umeem

Pc2< X <3)= qa(?’;zo) _ q>(— > O] _ 0(1,5) - D(=1)= D(1L5)+ (1)

M3 tabmuubl |l Haxomum, 4To (D(l) =0,34134, (15(1,5)= 0,43319.
CnenoBarenbHO
P(-2< X <3)=0,43319+0,34134 = 0,77453
2) Tak kak a =0, 10O ‘5‘ = ‘5 — a‘. [To popmymne (3.16) Haxogum

051) = 2(0,05)=2-0,01994 = 0,03988

P(x|<0,1)= 2<p(
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[pumep 2. B xakux npenenax NODKHA U3MEHSTHCS ClydailHas BEJIMYMHA,
MOAUYUHSIOIIASICS HOPMaJIbHOMY 3aKOHY pacnpeneneHus, YTOOBI
P(X —a|<£)=0,9973.
Pemenne: ITo popmyine (37) umeem
¢

P(x -d<s)= 2@(0

) =0,9973.

CrnenoBarelbHoO, d)(e/ 0')= 0,49865. M3 Tabn. Il Haxogum, YTO 3TOMY
3HAYCHUIO @(e/ 0) COOTBETCTBYET £/ 0 = 3, 0OTKyJa € = 30 .

N3 mnocnenHero mnpumepa cCleayeT, 4YTO €CJIM CilydailHas BeJIMYHMHA
HNOYUHSETCSI HOPMAJIBHOMY 3aKOHY PpacIpelesieHHsl, TO MOXKHO YTBEPKIaTh C
BEPOATHOCTHIO, paBHOU 0,9973, uTo ciydaifHas BeIMYMHA HAXOAUTCS B MHTEpBAJC

[a—30', a+ 30'] . Tak kak daHHasaA BCPOATHOCTDb Onu3Kka K CAUHULIC, TO MO>XXHO

CunuTarb, 4YTO 3HAYCHHUA HOPMAJIBHO paCHpCHGHGHHOﬁ cnyqaﬁﬂoﬁ BCIINYNHEBI

MPAKTUYECKA HE BBIXOJST 3a TPAHMIIBI MHTEpBaIa [a —-30,a+ 30']. O1oT dakr

Ha3bIBAIOT RPAGUIOM MPEX CUCM.
AHAJIOTMYHO MOXKHO nocunuTarb, 4TO0 BCPOATHOCTHL TOIO, 4YTO CJ'Iy‘—IEIfIH&)I
BCJIMYMHA, PACIIPCACIICHHAsA IIO0O HOPMAJIBHOMY 3aKOHY, 3dKJIIIOUCHA B HHTCPBAJIC

[a —20,a+25], pasna 95,44 % . CoorsercTBenno B unTEpBANE [0 —0,a+ o]
pasHa 67,26 % . To ecTs:

P(X — d|<30)=2(3)=0,9973

P(X — a|< 20)=2a(2)=0,9544

P(X —a|< o)=20(1)=0,6826

JlaHHBIE YCJIOBUS HArJISITHO M300pakeHbl Ha puc. 3.13.


http://www.toehelp.ru/theory/ter_ver/pril/table_2/
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o(x)

Puc. 3.13.

a—-30 a-2o a-o a a+o a+ 20 a+ 3o

1. Ikcnonenyuanvhoe pacnpeoenenue.

HenpeppiBHas ClIyyalHasT  BEJIMYMHA  HUMEET  DKCIOHEHIMAJIBHOE

(mokazarenpHOE) pacnpeeneHue ¢ napamerpom A >0, eciu

A-e ™, x>0
p(x)= 0, x<0

OyHKIUS pacnpeeseHus: ITON CIIy4yaiHOM BETMYUHBI OYJIET paBHa:

(D(x)=_j;¢(t)dt=;f/1-e‘“ dt ={p(e)=0, ecu 1<0}=

=—j£e‘“d(— M)=—e | =—e ™ 41=1—e**

0

CooTtBercTBytomre rpaduku n300paxeHsl Ha puc. 3.14.
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o(x)

X

»
»

Puc. 3.14.

[Tpo10KUTENTBHOCTh O€30TKa3HOM padOThl MHOTUX TEXHUYECKUX YCTPOMCTB,
a TaK)Ke BpEeMs 3aJ€pPKKH BBUIETOB CAaMOJIETa, MO0 BUHE TEXHUYECKHUX CITYKO
a’poropra YIOBIIETBOPUTEIILHO OIMCBIBAOTCS COOTBETCTBYIOIIUMU

9KCIIOHCHIMAJIbHBIMU PACIIPCACIICHUSAMMU.

8. [leymepHnoie cyuaiinvle senuuuHbl.

YacTto npuxomuTcs pemarh 3aladd, B KOTOPBIX pacCMaTPUBAIOTCS
COOBITHS, ONMCHIBAEMbIE HE OJTHOM, a HECKOJBKUMHU — B YAaCTHOCTH, JABYMSI
CIIy4yalHbIMM  BEJIMYMHAMH. TaKk €ClIM  CTaHOK-aBTOMAaT  IITaMITyeT
IUINHAPUYECKHE BAIMKHM, TO OUAaMETp BajMka X, W ero Belcota X,
00pa3yloT CUCTEMY JIBYX CIIyYailHbIX BEJTUYHH (X . ¢ 2) :

Jleymepnoit cayuaitnon eenuuunol HABBIBAIOT CUCTEMY U3 JIBYX
CIIyYalHBIX BEJIUYUH (Xl,Xz), JUIL KOTOPOM ONpeaesieHa BEpPOATHOCTH
P[(X < x), (X , < y)] COBMECTHOI'O BBIIIOJIHEHUSI HEPAaBEHCTB X, <X U
X, <y, rae X uY - moOble JeCTBUTEIbHBIEC YUCIIA.

OyHKIMA ABYX IIEPEMEHHBIX

F(xy)=Pl(X, <x),(x, < y)] (317)
onpeeneHHas sl Jo0bIX X U Y, Ha3bIBaeTCs (yHKuueil pacnpeoenenHus
CUCTEMBI JABYX CIIyYalHbIX BEJINYNH (X X 2) :

JIBymepHas ciydaiiHas BeJIMYMHA (X X 2) Ha3bIBACTCSA OUCKPEMHOU,

ecmm X, 1 X, - IHWCKPETHBIC BEJIUYUHBI.
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bynem paccmarpuBare X, u X, Kak J€KapTOBbI KOOPAMHATHI TOUYKHU HA
mwiockoctd. Touka M (X X 2) MOYKET 3aHMMAaTh TO WJIM MHOE IOJIOKEHHE
Ha maockocth O X, X,. Torna gpyHkuus pacupeneneHus 1acT BEpOATHOCTh
TOrO, 4TO ciay4yanmHas Touka  MI(X qu) nomnajaer B obnacth o,

n300pakeHHyto Ha puc. 3.15.

//
_

Puc. 3.15.

[Tycte Bo3MOkHble 3HaueHuss X, U X, o00pa3yloT, Hampumep,
KOHEYHBIE IIOCIIEAOBATEIBHOCTU X,, X,y..., X, U Y,3 V,5..., V. BO3MOXKHbBIE
3HAYEHUs ABYMEPHOU CIIy4alHOU BEIIMYUHBI (X X 2) UMEIOT BUJ] (xi, yj),
rne i=1,2,...,n; j=1,2,...,5. O003HauuM 4epe3 p,. BEPOSTHOCTH TOIO,
yro \ X, X2)=(xi, yj):

D= PI.(Xl = xi)’(XZ = yj)J

Oynkuua pacupenenenus F(x, y) umeer BUL

F(x,y)= RNy

i IBOMHAsi CyMMa PaclpoOCTpaHeHa Ha T€ | U |, JIIST KOTOPBIX
Xi<X ® Y <YV.

JIByMEpPHYIO CIy4YalHYIO BEJIUYUHY (X . ¢ 2) TaK XK€, Kak |
OJTHOMEPHYIO, MOXKHO 3ajaBaTh TaOnuied. IlepBas cTpoka TaOIUIIBI
COICPKUT BO3MOXKHBIC 3HAUYCHUS CIIy4alHOW BeJW4YuHbl X,, a INEpBbIU
CTOJ0El, — BO3MOXKHbIE 3HaueHUs X,. B ocTanbHbIX KI€TKax TaOJIMLbI
yYKa3aHbl COOTBETCTBYIOIME BEPOATHOCTH, NPUYEM MX CyMMa BCErja paBHa
eauHune. B kadecTBe mpuMepa pacCMOTPUM JIBYMEPHYHO CIIyYalHYIO
BEJIMYUHY, 3aJJaHHYIO CIEIYIOIIEN Tabnuue:
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XZ\Xl -1 0 1
p11:0,05 p12:0,20 p13:O,3O
p21=O,10 p22=0,20 p23=0,15

CyMMa Bcex BepOsITHOCTEH

302
S Py =Put Pipt Pzt Pt P+ P =0,05+0,20+0,30+0,10+0,20+0,15=1,00
i1 ;=1

JIBe IUCKpeTHBbIE cily4aiiHble BenuuuHbl X, U X, Ha3bIBaloOTCA

HE3aBUCHUMbIMHU, €CJIHU JJId BCCX Hap i, J BBIITOJIHACTCA COOTHOIIICHUC
D;:; =PI.(X1 = xi)’(XZ =yj)J=P(Xl = xi)' P(Xz = yj)

IIpumep 1. JIBe wurpambHble KOCTH OpocarOT IO OJHOMY pa3sy.
OO0o03HaunM uepe3 X, UMCIIO OYKOB, BBIIABIIEE HA IIEPBOM KOCTH, a depe3

X,— Ha BTOpOH; TOrAa (X . ¢ 2) — JIByME€pHas IUCKpETHas BEIWYMHA.
ITokaxem, yro BenuuuHel X, ¥ X, HE3aBUCHMBI.
Pemienne: Tak xak xaxxnas u3 BenuuuH X, U X, HE3aBUCHUMO APYr

OT Jpyra MOXeT NMPUHUMATh 6 pa3IMYHBIX 3HAYEHUH, TO YUCIO PAZITUYHBIX

3HAYCHUN JTBYMEPHON CIIy4ailHON BEJIIMYHUHBI (X X 2) paBHO 36. Bce atn

3HAYECHUS, OUEBUIHO, PaBHOBEPOSTHEI. [loaTOMY

Pl(x,=x).(x,=y )= %
C apyroii cropomst, P(X, = xi)=% n P(x, = yj)=% . Taxum
oOpazom:
P08, = )08, =0 ) PO, = 0)- P, )= &

Tak KakK BCPOATHOCTD IMOSIBJICHUA  paBHa IMPON3BCACHUIO nux

BGpOHTHOCTGfI, TO BCJIIMYMHBI HC3aBUCHUMBI.

JIByMepHass BenuuyrHA (X X 2) HA3bIBACTCA HENPEPbIBHOU, €CIIN
CYILLECTBYET TaKas HEMpEepbIBHASI HEOTpHUIATENbHAS (PYHKIUS go(x, y) IBYX
IEPEMEHHBIX, YTO BEPOATHOCTDH TOIO, YTO ToYka M (X X 2) COJIEPIKHTCS B
HEKOTOpol obmactu o miockocth OX,X,, paBHA JBOIHOMY MHTETpaily OT

byHKIH qo(x, y) 1o 00J1acTH o :


http://www.toehelp.ru/theory/ter_ver/3_6/prim_1/
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P(M(X,,X,)ec)=[[o(x,y)dxdy (3.18)

cD}/HKHI/I}I ¢(x,y) Ha3bIBACTCA  INNIOTHOCTBIO  PACIIPCACICHUSA
BepOHTHOCTGﬁ CUCTCMBbI IBYX BCJIIMYWH XI u X2 . OTCI-OI[a, B 4aCTHOCTH,

CIIEyeT, YTO €CJHU 00JacTb O UMEET BUJ, U300paKeHHBIH Ha puc. 14, To
(YHKIUIO paclpeesieHus] CUCTEMBl CIydalHBIX BEIUYMH MOXKHO 3alucaTth
CJIETYIOITUM 00pa3oM:

F(xy)=P[(x, <x)- (X, < y)]= [Jw(x,y)dxdy = deico(x,y)dxdy (3.19)

HempepsiBHble ciydaiiHple BenmuuHbl X, U X Ha3bIBAIOTCS

2

He3a6UCUMBIMU, ECTIH (p(x, y)=¢1(x)- ¢2(y), rae (pl(x) u ¢2(y) -
COOTBETCTBCHHO IUIOTHOCTH PACIpPEACICHUS BEPOATHOCTEM CIlyd4alHBIX
BeanunH X, U X, . B aTOM citydae

F ()= PIX, <)X, <3)|= ax [o.(9)-0.()ixay= [, ()ax- [o,(5)

3nas ¢yukuuio pacnpenenenus F(x,y) IByMepHOUW CiydailHOW BeTUYHHBI
(X ,,Xz), JIETKO HaWTH Kak (YHKIUIO paclpesiesieHHs, TaK U IUIOTHOCTh

pacpeneneHus KakI01 U3 cay4anHbiX Bemyud X, 1 X, B OTAEIbHOCTH.

JeiictBuTensHo, nmycTh Fi(X) - ¢GyHKIMsS pacnpeneneHus ciydaiHOU
BeauuuHsl X,. Torma F,(x)zP(X <x). Tak kak B oToM ciyyae X,

MOXET MIPUHUMATH JIF0OO€ 3HaUEHHUE, TO SICHO, YTO
P(X, <x)=P|(X, < x),(~0< X, <+0)|
CraenoBaTebHO, 3aIMUIIICM.

F(x)=P(X, <x)=P[(X, <x),(-0< X, <+0)]= _j;dxz¢(x, y)dy

Hudbdepenuupyst mnocnegHee paBEeHCTBO MO X, COTJIacHO MPaBUITY
muddepeHIpoBaHusl HMHTErpajia MO TEPEMEHHONW BEpXHEH TIpaHHIe

0,(x)= F/(x)= [p(x,y)ay (3.20)
Asaorie o6pazon momysacs
F,(x)=P(X,<y)= L dyzco(x,y)dx

H, CJICA0BAaTCIIbHO,
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,(y)= I o (x,y)dx (3.21)

Takum 006pa3oM, 4TOOBI MOTYYUTH IJIOTHOCTH paclpeesieHus: OJHON U3
COCTaBJISIIOIIMX JABYMEPHOU CIy4yallHOW BEJIWYWHBI, HAO MPOUHTEIPUPOBATH
B IPAHMIIAX OT —00 JI0 +00 IUIOTHOCTb PACHpeesICHUs CUCTEMbI ¢(x, y)

10 IEPEMEHHOM, COOTBETCTBYIOIIEN APYTOM CIIy4YallHOW BEJIMYHHE.

Ipumep 2. JIBymepHas ciaydaiiHas BeJIUYMHA (X X 2) MMEET IJIIOTHOCTh

pacrpeaeacHus
(x.5)= :
OBV e )L+ )
Haiitu:

1) BeposATHOCTB p NoNafaHus CllydaiHOM
TOYKH M (X X 2) B KBaapar

M300pakeHHbIN Ha puc. 3.16;

2) pyukmuto pacnpeneneHus F(x,y);

Puc. 3.16

3) IUIOTHOCTH paclpeneseHuss KaKIou

BeauyuHel X, 1 X, B OTIEIBHOCTH.

Pemenue:
1) BeposTHOCTH p TOMagaHus ciaydailHoW Touku M Xl,Xz) B KBajpar

n300pakeHHbIN Ha puc. 3.16, cornacHo ¢popmyse (3.18), paBna:

_ Ll dy pode _
P= ﬂqo(x,y)da ” (1+x ) (1+y2)_7z2'([1+y2 Il+x2_
= ﬂi (arctg y‘ -arctg x‘ ) — (arctgl arctg O) (arctgl arctg O)— i % . % = %
2) Ucnonb3ys cootHotenue (3.19), Haxoaum yHKIuio pacnpeaeneHus F(X,y):
_ _ X ¥y _ X ¥y dy _
Fs3)=PI% <) (X, <0)l= o folon)is=fax o 0y
— _[ i = iz . [arctg X —arctg (— oo)] [arctg y—arctg (— oo)] =

1+x Wl 7w

—i- arct, x+z | arct, +£
7 £4 5 gy 5

3) IInoTHOCTH pacmpeneneHUs] CIydailHOM BeMMYMHBI X, HAXOIUM IO

dopmyie (3.20):
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¢1(x) j¢(x,y)dy -[ (1+x ) (1+y ) - (11+x )

AHanoruyHeiM 00pazom, I/ICHOHb3yH bopmyny (42), norydum
1

0= folenie= | ot N ) s )

Jlerko y0eauThCs B TOM, YTO CIIy4aliHbIC BETUYUHBI X, n X, HE3aBUCHUMBI,

TaK KaK
o(xy)=9,(x)-0,(»)
I1o onpenenennio IByMepHas Cily4arHasi BEJIMYMNHA (X . ¢ 2) pacrpenenesa

HOPMAJIbHO, €CJIN IIJIOTHOCTD PACHPCACIICHUSA CUCTCMBI BEJIMYNH X . U X , HWMECT

BUIL:

1 [(x ”1) (x ”1)()’ az) (.V az)}

1R2L 20’1 01°0) 20'2

o(xy)= 27:-01-;\/@'
1 .{(x—al)z g =a)(-a) (v- a)}}

1
X, — . ex —_
p(x) 2w -0, 0,N1- R’ p{ 1-R’ 2-0; o, O, 2-0

rape o, >0 o, > 0, aR- HCKOTOpasA IIOCTOsSHHAA. Mo>kHO ITOKa3aTh [I/ICHOJIB?:y}I

¢dopmynel (3.19) u (3.20)], uro kaxnas u3 BeauuuH X, u X, pacnpeseieHa

— 1 (x—a1)2
?, (x)—m-exp{— 2—0_12}

o, ()= ﬁ : exp{— %}

Ha poxazarenscTtBe »TOro dakra Mbl He OyJeM ocTaHaBiuBaThcs. B

HOpPMAJIbHO:

YaCTHOCTH, ecii X, U X, HE3aBUCHUMBI, TO
¢(x:y)= @, (x) @, (y)
Orcrona cienyet, uro R=0, u, ciemoBaTenbHO:

(x-a)"  (r-a)’ }}

1
¢)(x,y)= 2r-0, -0 -exp{—|: 2.0’ 2- 0'
1 2 1

HerpynHo yOenuTbcss B TOM, 4TO CIPABEIJIMBO U OOpaTHOE YTBEP KIECHHE:
ecnn R=0, To X, m X, — He3aBUCHMBIE CIly4aliHble BEJINYHHBI.
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§ 2. UAUCJIOBBIE XAPAKTEPUCTUKHU CJTYUYAWHBIX BEJTUYVH.

Ornapienue.

1. MaTemaTruueckoe 0KUJaHUE CITyYailHON BEJIMYMHBI U €T0 CBOMCTBA.
2. Jlucniepcus u ee cBoicTBa. CpegHee KBaIpaTUHYECKOE OTKIOHEHHUE.
3. HucioBble XapaKTEPUCTUKU HEKOTOPBIX CIyYalHBIX BEJIMYMH.

4. Jluneitapie GyHKINHU CITyYalHBIX BEJIMYUH.

B Teopun BepoSTHOCTH W BO MHOTHX €€ NMPUJIOKEHHUSIX OOJBIIOE 3HAYCHUE
UMEIOT Pa3JINYHbIC YHCIIOBBIE XAPAKTEPUCTUKH CIy4alHbIX BeIUYUH. OCHOBHBIMU

N3 HUX ABJIAIOTCA MAaTCMATHUYCCKOC OKUIAHNUC U JUCIICPCHUA.

1. Mamemamuueckoe oxcudanue ciy4anuHol 6eAUUURbL U €20 C60UCmEa.
Paccmorpum cHawana cnepyromui npumep. IlycTte Ha 3aBox mocrynuia
naptus, cocrosmas u3 N nogmmnHukos. [Tpu sTom:

m, - 41CJIO IIOAIIUIIHUKOB C BHCIIHUM JHAMCTPOM X, ,

1

m, - 9UCJIO NOAUIUITHUKOB ¢ BHCIIHUM JUAMCTPOM X, ,

m, - YACJIO MOAIIMITHUKOB C BHEITHUM IUAMETPOM X, .
3nech m +m,+...+m, =N. Haiinem cpegHee apupmeTrnueckoe

3HA4YCHUC xcp BHCHIHCTO AaMETpa IMMOAIIUITHHUKA. OquI/I)IHO,

mx +m,x,+...+mx, m,
= =—Xx,+—Xx,+... .
N N N N

BrHenHui auaMeTp BBIHYTOTO Hay/1ady HMOAIIWITHUKA MOYKHO PACCMaTpPUBAThH

X

KAK CIy4YalHyl0 BeJIW4YMHY X, IPUHUMAIOUIYK0 3HA4YEHUd X, X,,...X,, C

m m
COOTBETCTBYIOIIMMH BEPOSITHOCTSAMHU p, = Wl p, = WZ v D, ]\; , TaK Kak

BEPOATHOCTD p; MOABJICHUS MOAUIIMNIIHUKA C BHCIIHUM JAUaMCTPOM Xj paBHa M; IN.

Takum oOpasoM, cpelHee apu(PMETHYECKOE 3HAYEHHE X, BHEIIHETO IHAMETpa

IMOAIIUITHUKA MOKHO OIIPCACIIUTD C IIOMOIIBIO COOTHOIICHU A
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X, =X P +X,p,+...+X,p, = inpi

i=1
[Iyctb X - pAuckpeTHas ciydailHas BEJIWYHAHA C 33aJaHHBIM 3aKOHOM
pacupeneneHust BEpOITHOCTEN P(X = xi)= p, (Takyro TabiuIy A TUCKPETHOU

CIIy4ailHOM BEJIMYMHBI MbI YK€ IIPUBOIUIIH ):

3HaueHus X X1 X . Xn

BeposatHoctH P(X = xl.) P1 P2 - Pn

Mamemamuueckum o0xcudanuem OUCKPEMHOU CAYYauHOou eeauyunsvt X
HA3b16AEMCA CYMMA NAPHLIX NPOU3EEOCHUIl 6CeX B03MOMNCHBIX 3HAYEHUU

C/IYUQUHOU 6eIUYUHBL HA COOMEEMCMEYIOUiUE UM 6EPOAMHOCIU, M. .
n
M(X)=> x,p, (4.1)
i=1

B cnyuae, ecnu MmHOdCECMBEO 603MOIHCHBLIX 3HAYEHUU OUCKPEMHOU
CAYUANHOI 8eUUUHBL 00pa3yem OeCKOHEeUHYI0 NOCAe006ameNIbHOCHb X1, Xy, ...,

Xhy ey MO MmamemamuuyeckKoe oJcuoanue 3IMou cnyttafmoﬁ ee/iuvduHbl

a0
onpeoensiemcsa KaKk cymma paoa le. P, , npuuem mpeoyemcsa, 4moodvl Imom
i=1

PAO abCoNOMHO CXO0UICA.

Bo3Bpaiasch K pa3oOpaHHOMY BbILIE MPUMEPY, Mbl BHJIUM, YTO CpPEIHUI
JWaMeTp TMOJUIMIIHMKA pPaBE€H MATeMaTUYECKOMY OXUJAHUIO  CIIy4yalHOU
BENMYUHBI X - TUAMETPy MOJIIMITHUKA.

Mamemamuueckum oxcuoanuem HeEnpPepvl8HONl CAYYAUHOU eeauduunbl X

C njiomHocmbio pacnpe()eﬂeuu}l (p(x) Ha3bleaemca HuUucio, onpedefmemoe

pasencmeom
M(X)= [x-p(x)dx (4.2)

[Ipu sTOoM mnpeamnosaraercsi, YTO HECOOCTBEHHBIM HMHTErpai, CTOSIIMA B
NpaBoit yacTH paBeHCTBa (4.2) CYIIECTBYET.

PaccmoTpum cBoMicTBa MaTeMaTndeckoro oxuaanus. [Ipu atom orpannunmMcs
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JIOKA3aTeJIbCTBOM TOJIBKO TIEPBBIX JIBYX CBOWMCTB, KOTOpPO€ MPOBEIEM IS
JUCKPETHBIX CITyYailHBIX BEJIMYUH.
1°. Mamemamuueckoe oxcuoanue nocmoannou C pasno Imoi
HOCMOAHHOU.

Jloxkazamenvcmeo. 1locTossHHyr0 C MOXHO paccMaTpUBaTh Kak CIy4alHYIO
BelIMunHy X, KOTOpass MOXET IPUHHMAaTh TOJBKO OJHO 3HadeHue C C
BEPOSATHOCTHIO paBHOM enuHune. [loatomy M (X )= C-1=C.

2°% IHlocmosannwvlit  MHOMNCUmMENb  MOMCHO  6bIHOCUMb 34  3HAK

Mamemamuueckozo odcuoanus, m.e. M (kX ) =kM (X ) :

Jloxkazamenvcmeo. Victionb3ys cootHomeHue (4.1), umeem
M(kX)=ikxi p; =kixi p; =kM(X)
i=1 i=1

3% Mamemamuueckoe o0xcuoanue CcyMmMbl HECKOJIbKUX CAYUAUHBIX
6eIUYUH PABHO CYMME MAMEMAMUYECKUX OHCUOAHUTL IMUX BETUUUH:

M(X, +X,+..+ X,)=M(X,)+ M(X,)+...+ M(X,) (4.3)

4°. Mamemamuueckoe o0xcudanue npou3zBe0eHUs O06yxX He3ABUCUMDBIX

CAYUAUHBIX GCIUYUH DAGHO NPOU3EEOCHUIO MAMEMAMUYECKUX OHCUOAHUTL IMUX

6enuyun:
M(Xl-X2)=M(X1)-M(X2) (4.4)
ITon cymmoii (mpomsBeneHMEM) ABYX ciy4aiHbIX BenumumH X, n X,
IIOHMMAIOT Ciay4daiHyro BeanuuHy X = X, + X,, BO3MOXHBIE 3HaYECHUsI KOTOPOU
COCTOST U3 CyMM (ITIPOU3BEIECHUI) KaKIOTO BO3MOXHOTO 3HAYEHUS BEJIMUMHBI X,

H KaXXJ0I'0 BO3MOXKHOI'O 3HA4YCHUA BCIIMYHNHBI X2 .

2. lucnepcus u ee ceoiicmea. Cpeonee Keaopamuueckoe OmkjioHeHue.

Bo mHorux MPAKTHYCCKN BAKHBIX CIIydasaX CYHICCTBCHHBIM SBJIAACTCS BOIIPOC

O TOM, HACKOJIbKO BEJIMKU OTKJIOHEHUss X — M (X ) CIIy4allHOM BEJIUYUHBI OT €€



MAaTEMAaTHYCCKOI'O OXKHMAaHWA.

IIpenBapurensHo paccmMoTpuMm npumep. IlycTes naBe ciaydaliHble BEJIWYMHBI

X, u X, 3a71aHbl CIEIYIOIUMH PSIIaMU paclipeeICHUs

3HavyeHus X, -0,2 -0,1 0,1 0,2
BeposatHocTH P(X,) 0,25 0,25 0,25 0,25
3Havenus X, -50 -40 40 50
BepositHocTH P(Xz) 0,25 0,25 0,25 0,25

JIerko y6GIII/ITCSI B TOM, 4UYTO MATEMAaTHYCCKUEC OXHIAaHHA OTUX BCINYHNH
OIWHAKOBBI 1 PABHBI HYJIIO!
M(x,)=(-0,2)-0,25+(~0,1)-0,25+0,1-0,25+0,2-0,25=0
M(X,)=(~50)- 0,25+ (-40)-0,25+40-0,25+50-0,25=0
3HAUYCHUU ITHUX BCIIMYUH OTHOCHUTECJIIBHO ux

Opnako  pasz0Opoc

MAaTCMaTHYCCKOIO OXHMAAaHNI HCOAHNHAKOB. B IICPBOM  CJIy4aC 3HAYCHUA,

IPUHAMAEMBbIE CIlydallHOM Bequ4uMHOM X, ONM3KM K €€ MaTeMaTH4eCKOMY

OKMJAHWIO, @ BO BTOPOM cCiyyae JAajeku oT Hero. Jlis oueHkw pasdpoca
(paccestHus) 3HAYEHUW CIy4ailHOM BETUYUHBI OKOJIO €€ MAaTeMaTU4YeCKOro
OKWJIaHUS BBOJUTCS HOBAsl YUCIIOBAsl XapaKTEPUCTUKA - OUCHEPCUSL.

Hucnepcueii D(X ) CIY4auUHOU  GeUYUHDBL X Ha3vleaemcs
Mamemamuyeckoe 0X)CuOanue Keaopama OMKIOHEHUA CAYYAUHOU GeTUYUHDL
om ee mamemamuueCKko20 0HCUOAHUA:

D(x)=M[x - M(x)]’ (4.5)

Kazanoch Obl, €CTECTBEHHBIM paccMaTpuBaTh HE KBaJApaT OTKIOHEHHS, a
IIPOCTO OTKJIIOHEHHEe X — M (X ) CIIy4YallHOW BEJMYMHBI OT €€ MaTeMaTH4ECKOIo
oxujanusa. OJHaKO MAaTeMaTHYECKOE OXKUIAHUE HTOTO0 OTKJIOHEHHUs PAaBHO HYIIIO,

TaK KaK

M[x - M(X)]= M(X)- M[M(X)]= M(X)- M(X)=0
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31ech MBI BOCIIOJIB30BAJINCh TEM, UTO M (X ) MOCTOSIHHO, @ MaTeMaTUYECKOe
OKHMJIAHUE MOCTOSIHHOM €CTh 3Ta MOCTOsIHHAsl. MOXHO ObLIIO OBl MPUHSTH 32 MEPY
paccessHUsI MaTEMAaTH4YECKOE OXKUJAHWE MOJYJIb OTKJIOHEHHUS CIydailHOM
BEJIMUYMHBI OT €€ MaTeMaTH4YeCKOoro oxkujganus:. M HX -M (X ]] Onnako, Kak
MPaBUJIO, JICUCTBUS CBsSI3aHHBIC C aOCOJIOTHBIMU BEIMYMHAMHU, HPHUBOIAT K
TPOMO3JIKAM BbIYUCICHUSAM. [103TOMY NPUHSIN TO, YTO MIPUHSIIH.

BriBenem Temneps apyryro Gopmyny aiis pacuera JUCIICPCUH.

[Iycte X - nucKpeTHas ciydyadHas BEJIMYMHA, NMPUHUMAKONIAS 3HAYCHUS

X, X,,..., X, COOTBETCTBEHHO C BEPOSTHOCTAMU P, P,5..., p, . OUEBUIHO,
o 2
qToO cnyanHa;I BCJIMYUHUHA [xi - M (X )] HpI/IHI/IMaeT 3HAUCHUA
2 2 2
[x, - M(X)]",[x, - M(X)]’, ..., [x, - M(X)]
C TEMH XKE BEPOSITHOCTIMU D> Pys---» D, ClENOBaTEeIbHO, COINIACHO

ONPEIEIICHUI0 MAaTEMAaTUYECKOTO OXWJAHUS JUCKPETHOW CIyYalHOW BEJIMYWHBI,

UMEEM
p(x)=M[x - M(X)]' = X [x, - M(x)]' p, (46)
Ecmm xe X - HenpepblBHAs cCiydaiiHas BEJIWYMHA C IUIOTHOCTBEO

pacipcaciacHus ¢(x), TO I10 OIIPCACIICHUIO

D(x)= [lx- M) p(x)ix @)

[IpyauMass BO  BHHUMAaHHUE ONPEACICHHUE  JUCIIEPCUM U CBOMCTBA

MATEMATHUYCCKOI'O OKHUAaHUA, UMEEM
D(x)=M[x - M(X)]’ = M{x? = 2. x - M(X)+[M(x)]*}=
= M(x ?)-2M[x - M(X)]+ M[m(X)]
Tak xax M (X ) u [M (X )]2 - IOCTOSIHHEIE, TO, HCIIOJL3Ysl CBOMCTBA
MAaTCMaTUICCKOT'O OKHUAAHUA, ITIOJTYyUUM
Mlx-M(X)=m(x)-M(x)  MMX)] =[m(x)]

CraenoBaTtebHO,
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D(x)=M(x?)-2- M(X)-M(x)+ [M(X)]
OTKyzaa OKOHYATEIbHO HAXOAUM

D(x)=M(x*)-[m(x)]" (4.8)
PaccmoTpum Teneps CBOMCTBA AUCTIEPCUH.

1°. Jucnepcus nocmoannoii pagna Hynio.

JNoka3zateabcTBo. I[lycte X =C. 1o popmyie (4.8) umeem
bp(C)= Mm(c?)-[M(C)]’ =c*-c? =0
TaK KaK MaTeMaTHIECKOE 0’KHMIaHUE ITOCTOSTHHOW €CTh 3Ta TOCTOSTHHAS
M(c)=c M(c?)=c?

2°, Ilocmoannolii MHOMCUmMENL MOMCHO 6bIHOCUMDb 34 3HAK Oucnepcuu,

603600 €20 6 Keadpam:
D(k- X)=k*- D(X) (4.9)
Jloka3zaTeabcTBO. Ha ocHOBaHMM cooTHomeHUS (4.8), MOXHO 3aIucaTh

Dk - x)=m|(k - x)* |- [k - X))

Tak kak
M|(kx ) |= Mk x?)= k> Mm(x?)
[MEx)]) = [k M(X)] = &* [ (X))’

D)= kP (X)~ [ (x)]*}= D)
3° Echu X, m X, - He3asucumbvle cayuaiiHvle 6eAUYUHbL, MO OUChEPCUs
CYMMBbL IMUX BETUYUH PACHA CYMME UX OUCNEPCUIL:
D(X, + X,)=D(x,)+ D(X,) (4.10)
Joka3zareabcTBo. [To hopmyie (4.8) umeem
p(x, + X,)=M|(x, + X,)* |- [M(x, + x,)]°
Ho
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M|(x, + x, ) |= m(x.” +2x,x, + x,7)= m(x.?)+ 2m(x, - x,)+ M(x,?)

Takkak X, u X, - HE3aBHCHMBIE CIydaifHbIe BEHYHHBI, TO
M(X,-X,)=M(x,) M(X,)
CJie10BaTEbHO
M|(x, + x,)]= m(x.?)+ 2m(x,)- M(x,)+ m(x,?)
Hanee,
M(X, + X,)=M(x,)+ M(X,)
MO3TOMY

[M(Xl + Xz)]2 =[M(X1)+ ]u(‘Xz)]2 =[j‘[()(l)]2 +2- M(Xl) M(X2)+ [j‘l()(z)]2

Takum o6pazom

DX, + X,)= M(X. )+ 2- M(X,)- M(X,)+ M{x,))=[M(X )] - 2- M(x,)- M(x,)-[m(x,)] =

= {m(x?)-[m(x)) }+ i (x,?)- [m(x,)) }= D(€) + D(X,)
CrnenoBarenbHO
D(X, + X,)=D(X,)+ D(X,)
3ameuanue. CBoiicTBO 3° pacnpocTpaHseTcs Ha JTI000€ KOHEUHOE YHCIIO

IIOIIAPpHO HE3aBUCHUMBIX CJ'Iy‘-IElfIHI:IX BCJINYHNH:

D(X,+ X, +...+ X,)=D(X,)+ D(X,)+...+ D(X,)

Cpeonum KeaopamuyecKkum omka0OHEHUEM O'(X ) CJy4YailHOM BeJIMYMHBI X
HA3b16AeMCA KOPEHb K6AOPAMHBLIL U3 ee OUCNEPCUU:

o(X)=/D(X) (4.11)

CpenHee KBaJpaTUYECKOE OTKIOHCHHE 0'(X ) UMEET Ty K€ Pa3MEpPHOCTh,

YTO U Cily4anHas BeauuuHa X .

IIpumep 4.1. Cinyuaitnas BeauunHa X - YMCIO OYKOB, BBINAJAIONIMX IMPHU

OJTHOKPATHOM OpOCaHWW WrpaibHOW KOCTH. OnpenenuTs: MaTeMaTHYECKOEe
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OXKUJaHHE, JUCIICPCUIO U CPEAHE KBAAPATHISCKOS OTKIIOHCHHE.
Pemenne: Hcronb3ys ¢opmynsr (4.1), (4.6) u (4.11) cOOTBETCTBEHHO

[OJIy4YUM

M(X)=1-1+2-1+3-1+4-1+5-1+6-1=3,5
6 6 6 6 6 6

2 1 2 1 2 1 2 1 2 1 2 1_
D(X)=(1-3,5) 'E+(2_3’5) -€+(3—3,5) 'E+(4_3’5) 'g+(5‘3’5) -€+(6—3,5) 5=
=2,92

o(X)=JD(X)=2,92~1,71

3. Hucnogvie xapakmepucmuku HeKOMOPvIX C1YYAUHBIX 6ETUUUH.

Haiinem Temepp 4YMCIOBBIE  XApaKTEPUCTUKHA  CIYyYaWHBIX  BEIUYUH
(MaTeMaTHYEeCKOE  OXUJAHWE, JUCIEPCUI0 M CpeJHee  KBaJpPaTUUYECKOE
OTKJIOHEHHE) CIIy4allHbIX BEJIMYMH, PACCMOTPEHHBIX BBILIE.

1. Pacnpeoenenue bepuynnu. 3pech ciydaiiHas BeauunHa X - YHUCIO

HACTYIUICHUsSI COOBITHST A TPU OJHOM HCHBITAHWUU, MPUYEM P(A)= p. Haiitu

MATEMATHYCCKOC O KN AAHNC U NUCIICPCHUIO OJIA 3TOI'O paCIIpCaACIICHHA.
Bemnunna X IIPUHUMACT JBa 3HAYCHUA O m 1 COOTBETCTBEHHO C

BepoaTHOCTSIMH ¢ =1— p u p. [Toatomy mo dpopmynam (4.1) u (4.6) Haxoanm
M(X)=0-(1-p)+1-p=p
D(Xx)=(0-py (- p)+@-p)p=p-0-p)=p-q
2. Bunomunanvusiit 3axon pacnpedenenusa. Onpenensercs (Gopmyoin

n!
m! (n - m)!

bepnynnu: Pn(m)= p"-q" "",rne p - TOCTOSIHHAsI BEPOSTHOCTH

MOSIBJICHUS] COOBITUSI A B JAHHOM KOHKPETHOM OIIBITE.

[Iycte X - chydaiiHas BenwuMHa, NpuHUMAaromias 3HadeHus 1 wnu O B
3aBUCHMOCTH OT TOTO, MPOMCXOJUT WM HE TMPOUCXOAUT COOBITHE A B i-M OIBITE.
Torma m=X +X,+...+X,. flcHo, yro X mnomapHo He3aBUCUMEI. I3
pe3ynbTara npumepa 2 ciuenyer, uto M (X )= D, D(X )= p-q s modoro i. Ha

OCHOBAHUU CBOMCTBA 3° [IJI1 MAaTEMaTUUYECKOTO OKUIAHUS U TUCIIEPCUN UMEEM


http://www.toehelp.ru/theory/ter_ver/4_2/prim_2/
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M(m)=M(X,+ X, +...+ X,)=M(X,)+ M(X,)+...+ M(X,)=n-p

D(m)=D(X, + X, +...+ X,)=D(X,)+ D(X,)+...+ D(X,)=n-p-q
o(m)=/npq

3. Ilycte X - coyualiHas BeNWYHMHA, PACTPEACICHHAS 10 3AKOHY

Ilyaccona: p(k)= P(X=k)= Ae (k = O,l,...n,...) . Hatitu M(X) u

D(X).
Hcnons3ys cootHomienue (4.1), moaydum

2ke—). . w Zk 1 -/1 ~
M(X)= kz;)k = (k 0= de’=2

Tak kak
® }’ k-1 z 12 l k i
Z T+ .=
(K - 1), ATANT, k!
Haiinem teneps BeipakeHue uist aucnepcuu 3akoHa [lyaccona

D(X) M(x?)-[m(xy]=m(x?)- 2

, e ekt alk+1-1)-20
m(x)= ,;,k - 2Z(k ) lkz:‘z (k-1
) (k - 1)- A e AT e A s ;
4 4 [} 1. . J— . . —
A G Ryt e
=e et + A=+
CraenoBaTtebHO,

p(x)=M(x*)-|mM(xy|=m(x?)-2 =2 +21-2=2

4. Ilycte Tenmepp X - coydailHas BEIMYMHA, UMEIOLIAS PAGHOMEPHOE

0, ecnu x<a

1
pacnpeoenenue ¢ IOTHOCTHIO (o(x)= hea’ ecnu a<x<b

0, ecmuu x>b

HaﬁaeM MAaTEMATHYCCKOC OXKMIAaHUC, TUCIICPCHUIO U CPCOAHC KBAAPATHICCKOC

OTKJIOHEHUE 3TOM CIIy4YaHOW BEJIMYHHBI.
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ITo popmynam (4.2), (4.7) u (4.11) Haxoaum

5. Ceifuac MOXHO BBISICHUTH CMBICJ MapaMETPOB @ U O HOPMAIbHO20
3aKoHa PacCIpeNCICHNS CTy4YalHOW BEJIUYUHBL.
[Iyctb X - HOpPMambHO paClpelNelicHHAs CllydyalHas BEJIMYMHA, C

napamerpamu a u o . Halinem M(X ) 51 D(X )

1 —(x—a)z/(Zo'Z)

Tak kak @(x)=—F——¢€ , To 110 popmysie (4.2) HaxoauMm
(0( ) 0'\/% (opmy. )
M\X)= xe (ma )dx
=L
. xX—a
[IpoBeneM B uWHTErpaje 3aMEHy IIEpEMEHHOM, IoJjaras =z. Torma
(o}
xX=a+o0z, dc=o0dz. CnemosarensHo,
1 :
M(X)= xe ) e =~ a+oz)e  Pdz=
S| @_w( )
a + o L, + 0o ) /2
e " Tdi+—|e’F
/4 ‘[o N2 ‘[o

Ho

1 ¢
e zm
T -»
22

cMm. popmyay (3.7). [danee, Tak Kak QyHKIMS e ° “z HEYETHAs, TO IO CBOMCTBY

+ o©

HEYETHBIX (PYHKIIUI _[ e *”zd;=0. Cnenosatensno, M(X)=a.

Jucnepcuto HaxoauM 1o dopmysie (4.7)
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=+oo 3 2 =+°° _ 2 1 —(x—a)z/(ZGZ) _ .2
D (5) __L[x M (5)] ¢(x)dx __[O (x a) o 2m € dx =0

(BBIYMCIIEHUE UHTETPAJIa HE IPUBOJIUM).
Hrak, D(X)=6¢’ o(X)=./D(X)=0.
Takum oOpa3zoMm, mapameTpsl @ ¥ O i1 HOPMaJbHO pACIpPEICICHHON

CJ'IY‘-I&ﬁHOI?I BCIIMYUHBI HMCIOT HpOCTOﬁ BCpOHTHOCTHBIﬁ CMBICJI: A €CTb

MATEMATUYCCKOC OKNAAHUC, O - CPCAHCC KBAAPATUICCKOC OTKIIOHCHHUC.

4, J/luneitnvle hynKyuu cayuaiHvlx 6enUYUH.

IIlyctb X - HOpMallbHO pacmpeiesicHHas Ciy4allHas BeJMYMHA C
rapaMeTpaMu M(X )=a u O'(X )=0'. Torna, eciu A u B - nocmoannwie, mo
cayuaninaa eeauuuna N=A+ B- X, auneiino 3asucawan om X, makdice
HOpMANbHO pacnpeoenena, npuuem

M(n)=A+B-a, D(n)= B’c*
Hoxaxem 510 yrBepkaeHue. Ilycts s mpocrotsl B>0. Ouenum

BEPOSITHOCTh HEPABEHCTB ), <7 < J,. SICHO, YTO 3T HEPABEHCTBA PAaBHOCWIIbHBI

HepaBeHCTBaM p, <A+ B-X<y,, T.c.

-4 -
yl <X<y2 A
B B

— 4 — 4
ToaTomy P(y1<ﬂ<y2)=P(le <X<yZT)

Tak xak BenuunHa X pacnpeneracHa HOpMaJlbHO, TO

(y:-4)
p[u< X < Y, — A) 1 s —(x—a)z/(Zr;Z)dx
B

= e
B o\ 2r (v, - 4)B
. y—A
HpOBejleM B J3TOM HHTCrpaji€¢ 3aMCHY NICPCMCHHOHM, ITojarad X = T

d
Torma dx = Ey U, CJICIOBATEIILHO,

7 G-

e—(x—a)z/(Zaz)dx Te—(y-A-aB)z/(Zo-sz)dy

1
o~ 27 (y, —IA)/B - oB+\ 2%
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Hraxk,

2 2 2p2
J‘e-(y-A-aB) /208 )dy

1
P(y, <n<y,)= B 2n )
OTO pPAaBEHCTBO IOKa3blBa€T, 4YTO Cly4ailHas BeIMYMHA n uMeer
HOpMaJbHOE pacnpeneacHue, npuyem M (77) = A+ Ba n D(ﬂ) =o’B’.

HNmeer mecro u Oosee obmee yreepxknenue. llycts A,,4,,...,4, -
IIOCTOSIHHBIE, a X,,X,,...X, - HOPMaJBHO paclpeieiIcHHbIE MOMNAPHO
HE3aBUCHUMBIE ClTyYalHbIe BEIUYMHEL, TpuueM M (X ; ) =a D(X ; ) =o7;.

Torna ciyuaiinas Bemuuuna  n=A4X, +4, X, +...+ 1, X,

TaKKe UMEET HOPMAJIbHOE PAcIIpeleIeHUE, IPUIEM
M(n) =Aa +Aa,+...+1a,
D(n)= 220’ + Aol +...+ Vo’

B uwactHoctH, ecin M(Xl.)=a D(Xl.)=0'2 npu J000M I, TO ciaydaiiHas

- X, +X,+..+X,
BCJIIMYMHA X= pacipcaciicsa HOPMaAJIbHO, IIPHYCM
n

M(})=a, D(_)= o’/n, 0'(})=\/a)__()=0'/\/;.

*  DTO0 yTBEpXKIEHHE MOXHO TOJYyYUTh TPOCTO M3  CBOWCTB

MAaTCMAaTUICCKOT'O OKNAAHUA U JUCIICPCHU.
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§ 3. IPUMEHEHUE TEOPUU BEPOATHOCTHU K CTATUCTHUKE.

Orasnenue.

. OCHOBHEBIE TTOHATHS.

. Onpeenenre HEU3BECTHON (QYHKITUN pacTIpeIeICHUSI.

. OnpenieneHre HEM3BECTHBIX MAPAMETPOB PACTIPEICTICHUS.

. [loBeputenbHblii HHTEpBAIL. JJoBEpUTEIBbHAS BEPOSITHOCTD.

. [Ipumenenue kputepusi CTblOI€HTA JJ1s1 CPABHEHUS T€HEPAJIbHBIX
COBOKYITHOCTEM.

. DJIEMEHTBI TEOPUU KOPPEIISIIUU.

. IIpoBepka runoTe3sl 0 HOPMAIBHOM PaCIpPEICICHUN FeHEPATBbHOM
coBokynHocTH. Kputepnii cornacus [Iupcona.

D AW

N

1. Ocnoénvie nonamus.

MaremaTnueckass CTaTUCTHKAa - OSTO pa3iedl MaTeMaTHKH, B KOTOPOM
U3y4alTCsl METOAbl O00pabOTKM M aHalIu3a JKCHEPUMEHTANbHBIX JIaHHBIX,
MOJMyYEHHBIX B pe3yibTare HAOMIOJCHUM HajJ MAaCCOBBIMH  CIyYailHBIMU
COOBITUSMU, SIBJICHHUSIMH.

Habmronenus, npoBoanMble HaJl 00bEKTaMU, MOTYT OXBAaThIBaTh BCEX UJICHOB
U3y4aeMOil COBOKYIMHOCTHM ©0€3 MCKIIOYEHUS W MOTYT OrpPaHUYHUBATBCS
o0cCeI0BaHUAMHU JIMILb HEKOTOPOH YacTH YJIEHOB JaHHOM COBOKYyNHOCTH. [lepBoe
HAOJIIOJICHUE HA3bIBACTCSl CIUIOIIHBIM WM TOJHBIM, BTOPO€ YAaCTUYHBIM WIIU
6b1OOPOUHBIM.

EctecTtBeHHo, 4Tto Hambosiee TMOJNHYI0 HWHGOPMAIMIO AT CIUIONIHOE
HaOMIoICHUe, OJHAKO K HeMy npuOeraroT Jaleko He Bceraa. Bo-nepBbix,
CIUIOIIHOE HaOJIOJEHUE OYeHb TPYAOEMKO, a BO-BTOPBIX, 4YacTo OBbIBAaET
OPAKTUUECKU HEBO3MOXXHO WJIM JaXe HeleraecooOpasHo. [ToaTomy B
NOJABJISIIONIEM  OOJBIIMHCTBE  CllydaeB  OpUOEraloT K  BBIOOPOYHOMY
VICCJIEIOBAHMIO.

COBOKYITHOCTh, W3 KOTOPOM HEKOTOPHIM 00pa3oM OTOMpaeTcsi 4acThb ee

YJICHOB JJIsI COBMECTHOI'O M3YUCHH, HA3BIBACTCA FeHeDaﬂbHOﬁ COBOKYIIHOCTBHIO,

a oToOpaHHAas TEM WM WHBIM CIOCOOOM YacTh T'€HEPaJbHOM COBOKYMHOCTH -
BBIOOPOYHAS COBOKYITHOCTh WJIM BBIOOPKA.

OO0beM reHepabHONW COBOKYMHOCTH /N TEOPETUYECKH HHUYEM HEOTpaHWYEH
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N — oo, Ha MPaKTHUKE K€ OH BCET/1a OTPaHHYEH.

OObeM BBIOOPDKH M MOXET OBITH OOJIBIIUM WJIM MaJbIM, HO OH HE MOXET
OBITh MEHBIIIE JBYX.

OT60p B BBIOOPKY MOXKHO MPOBOJUTH CIYYaHBIM CIIOCOOOM (IO CIOCOOY
xKepeObeBKH wWid JoTepen). JInOo T1U1aHOBO, B 3aBUCHUMOCTH OT 3a7aud U
opraHuzanuu oocienoBanud. s Toro, 4roObl BIOOpKa OblLIa MPECTABUTEIBHOM,
HEeoOXoauMO oO0paliath BHUMAaHHE Ha pa3Max BapbUpPOBaHUS TMpU3HAKA W

COTJIACOBBIBATH C HUM 00BEM BBIOOPKH.

2. Onpeoenenue HeuzeecmHoUl YyHKyuu pacnpeoeieHus.
Nrak, Mbl cienanu BeIOOPKY. Pa3oObeM nuarna3oH HaOII01aeMbIX 3HaYECHUM
X Ha MHTEpBaJIbI ]xo,xll, ]xl,xz[, ]xk_l,xk[ OJIMHAKOBOM JUIUHBI A X .
Jlns olleHKM HEOOXOJMMOTr0 4YHciia HHTEpPBAJOB kK MOXHO HCIIOJIB30BaTh
cieayromue GopmyJibl:
k=1+3,32-Ign unu k=5-Ign. (5.1)
Jlaitee mycTh M; - YKCIIO HAOJMIOJAaeMbIX 3HAUYeHHH X , HOMABIIUX B  I-bIil

uHTepBas. PazgennB M; Ha obmiee YUCI0 HAOMIONCHHUI N, TIONyYHM YacToTy p,,

. m, k Lm,
COOTBETCTBYIOLYIO i-OMy WHTepBaly: p; =—-, mpudeM Y. p; = —=1
n i=1 i=1 N

CocTaBuM CIeAyONIy0 TaOIuILy:

Homep 140341 m .
WHTEpBaia| epBal ! Pi
X, ] .

1 ks m; D,

2 k- m, p;

k b M P

KOTOpasi Ha3bIBaCTCA CHMAMUCHMUYECKUM PAOOM. Imnupuueckou (Wiu
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cmamucmuyueckoil) (yHKyuen pacnpedeieHus CiIydanHOW BeMWYuHB X

HA3bIBACTCSl YaCTOTa COOBITHS, 3aKJIIOYAIOIIErocs B TOM, YTO BenuynHa X B
pe3yibTaTe OIbITa IPUMET 3HAYCHUE, MEHBIIIEE X!
F'(x)=P'(X<x)

Ha mnpakThke nOCTaTOYHO HAWTH 3HAYEHHSA CTATUCTHYECKON (YHKIIHH

*
pacnpenenenuss F (X) B Toukax x,, X,,...X,, KOTOpbIE SIBISIOTCS TPaHUIIAMH

HHTCPBAJIOB CTATUCTHYCCKOI'O pAda:

F*(x0)= P*(§ < x0)= 0

Fi(x)=P(E<x)=""=p;
m, +m,

3 F*(x2)=P*(§<x2)= =p, +p, (5.2)

m +m,+..+m,

=p,+p,+...+p. =1

F'(x)=P(£<x,)=
( n

Cnenyer 3ameTuTh, uto F *(x)=0 npu x<x, u F '(x)=1 npu x> X, .
[Toctpous Toukun M, ]xl.;F (x)[ U COEIAVHMB HX ILIABHOW KPUBOH, IOJIy4UM
NpUOJIMKCHHBI TpaduK SMIUPUYECKON (QyHKIMU pacnpenencHus (puc. 5.1).
Hcnonp3ys 3akoH OosblMX 4ucen bepHymnu, MOXHO J0Ka3aTb, 4YTO MpHU
JIOCTAaTOYHO OOJBIIOM YHUCJIE UCHOBITAHUM M C BEPOSTHOCTHIO, OJIM3KOH K
elIMHuLE, sMnupudeckas (yHKuus pacnpeaeneHus F (x) OTJINYAETCST CKOJIb
YTOJHO MaJi0 OT HEU3BECTHOW Ham (yHKUMH pactpesnencenus F (x) CIIy4anHOU

BEJIMUMHBLI X .

* ]l
F *(x) A 4 (x)
I 1
o !
— | : 1
o i 1
1 | | ] ] | I e
— Y, X % K xy X% %
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Yacto BMecTo  mOCTpoeHUs  rpaduka  SMOUPUYECKOM  (PYHKIUH
pacripesienieHus MoCTynaroT ciaenyromum oopazoM. Ha ocu aGciuce oTKIa1pIBalOT
UHTEPBAJIbI ]xo,xl[, ]xl,xQ[ yooes ]xk_l,xk[. Ha xaxnom uHTEpBane CTpOST

MNpAMOYTOJIBHUK, ILIOIAAb KOTOPOI'O paBHAa YaCTOTC p;, COOTBGTCTBYIOHleﬁ

*

TaHHOMY MHTepBany. Beicora h; aToro mpsimoyronsHuka pasna h, = j—", rae Ax
X

- JUIMHHA KaXJ0ro U3 UHTepBalioB. SICHO, 4YTO CymMMma IUIOmIaaeld BceX
MOCTPOEHHBIX MPSAMOYTOJILHUKOB paBHA CIMHHUIIC.

Paccmotpum  QyHKIHIO y=¢‘(x), KOTOpasi B HHTEpBaJe ]xt._l,xi[
IIOCTOSIHHA U paBHa h,. I'paduk sTol pyHKIMM Ha3bIBaeTcsa cucmozpammoii. OH

npeCTaBasieT coOoi crymeHdaryio juHHIO (puc. 5.2). C MOMOIIBIO 3aKOHA

OonpmMX urcen bepHyIn MOXHO A0Ka3aTh, YTO MPH MaNbIX A X ¥ OOJNBIIUX A C

IIPAKTUYECKOM JOCTOBEPHOCTBIO ¢*(x) KaK YrOJHO MaJI0 OTIMYAETCA OT
IJIOTHOCTH PacIpEnEICHUS go(x) HENIPEPBIBHOM CIIy4YalHOW BENUYMHBI X .

Takum o00pa3oM Ha MPAKTUKE OMNPENEseTcs BHUA HEU3BECTHOM ()YHKIUU

pacrpeiesieHus CIy4aiiHON BEJTMYHHEI.
3. Onpedenenue Heu38eCHIHBIX HAPAMEMPOB PACHDPEOEIeHUSL.

TakuMm 00pa3oM Mbl MOJYYUJIM TUCTOrpaMMy, KOTOpasl JaeT HarjIsigHOCTb.
HarnsimHOCTh  TIpE/ICTaBIICHHBIX PE3YJIbTAaTOB TIO3BOJISIET CHIENaTh pPa3IMYHbIC
3aKJTIOUCHHUS, CYXKJICHHUST 00 HUCCIIeTyeMOM OOBEKTE.

OpnHako Ha ATOM OOBIYHO HE OCTAHABIMBAIOTCS, a UAYT JNAJbIIE, aHATU3UPYS
JTAaHHBIC HA MPOBEPKY OMPEEICHHBIX MPEANOI0KEHHH OTHOCUTEIHFHO BO3ZMOXKHBIX
MEXaHU3MOB U3y4aeMbIX MTPOIIECCOB WJIU SIBJIICHU.

HecMoTpst Ha TO, YTO MaHHBIX B KaXXJIOM OOCJIEIOBAHHH CPaBHUTEIHHO
HEMHOT0, Mbl OBl XOTEIH, YTOOBI pe3yJIbTaThl aHaju3a JOCTATOYHO XOPOIIO
OMUCHIBAIU OBl BCE PEAJbHO CYIIECTBYIOIIEE WU MBICIUMOE MHOXECTBO (T.€.

reHEPaJIbHYI0 COBOKYITHOCT).
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JIJIs 3TOTO JIenaroT HEKOTOPhIE MPEAMOI0KCHHS O TOM, KaK BBIYUCIICHHBIC Ha
OCHOBE 3KCIICpUMEHTAIBHBIX JaHHBIX (BBIOOPKE) TOKAa3aTeId COOTHOCATCS C
napaMeTpaMH reHepaabHOW COBOKYITHOCTH.

Pemenne »TOM 3a7adu  COCTABISICT TJABHYIO 4YacTh JIIOOOTO aHaM3a
OKCIIEPMMEHTAJIbHBIX JAaHHBIX M TECHO CBS3aHO C HCIOJb30BAaHUEM Ppsja
TEOPETUYECKHUX PaCIpeaeICHUI, pACCMOTPEHHBIX BHIIIIE.

[IIupokoe UCHOMB30BaHUE B CTATHCTUYECKUX BBIBOJAX HOPMAJILHOTO
pacmpeaelieHdss UMEeeT IMOJ COOOW KaK SMIMPHYECKOe, TaK M TEOPETHUYCCKOE
000CHOBaHME.

Bo-mepBbIX, IpaKTHKa MOKa3bIBACT, YTO BO MHOTHX CIydasx HOPMaJIbHOE
pacmpeesieHie JISHCTBUTEIBHO SBJSETCSA JOBOJBHO TOYHBIM IIPEIACTABICHHEM
OKCIIEPUMEHTAIbHBIX JIAHHBIX.

Bo-BTOpBIX, TEOPETHUYECKU ITOKA3aHO, YTO CPEIHUE 3HAUCHUS HHTECPBAJIOB
THCTOIPAMM PAaCIIPEACIICHBI 110 3aKOHY, OJIM3KOMY K HOPMaJIbHOMY.

OJHaKO CJIeIyeT YeTKO MPEJCTAaBJIATh, YTO HOPMAJIBHOE pACIpEICiICHHE -
9TO JIMIIb YUCTO MAaTEeMaTHYCCKUH MHCTPYMEHT M COBCEM HE0OS3aTeIbHO, YTOOBI
peallbHbIC AKCIIEPUMCHTAJILHBIC JaHHBIE TOYHO ONKMCHIBAIMCH HOPMAaJIbHBIM
pacnpeneincHueM. XOTS BO MHOTHX Ciy4asx, JOMycKas HEOOJNBIIYIO OIIHOKY,
MO>KHO TOBOPHUTb, UTO JaHHBIC PaclpeieCHbI HOPMAJIBHO.

Psin mokaszaTenei, Takue Kak cCpeaHee, AUCIEPCUS W T.J., XapaKTePH3YIOT
BBIOOPKY M Ha3bIBAIOTCS CTATHCTUKAMU. Takue )Ke MoKa3aTe)Ii, HO OTHOCSIINECS K
TCHEPAJIbHOH COBOKYITHOCTH B IICJIOM, HAa3bIBAIOTCS IMapamMeTpaMu. TakuMm
00pa3oM, MOKHO CKa3aTh, YTO CTATUCTHKH CITYKAaT JJIs OILICHKH [TapaMeTPOB.

['eHepanbHOI cpenHel X, Ha3bIBAeTCs cpeAHee apu(PMeTHyecKoe 3HaYeHU
X,5X,,...X, T€HepajIbHON COBOKYMHOCTU oObeMa IV :

1 N
= — xi

X
r
N iz

Bre16opouHO#i cpeHell X, Ha3bIBaeTCs cpenHee apu(MeTHIecKoe BEIOOPKU

X,,X,,...X, o0bemMa n:
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X, =3, (53)
ni-=1
nim
1 n
X, ==J.n, X, (5.4)
ni-1

€CJIM BbIOOpKA UMeeT BUI TaOJIUIIBI.
Br160opouHyt0 CpEenHIOI0 NPUHUMAIOT B Ka4yeCTBE OICHKH TeHEPATbHON
CpEIHEN.

['enepanbHoil aucnepcueit D, Ha3plBaeTcs cpeaHee apupMETHUECKOE

KBaJPaTOB OTKJIOHECHHs 3HAYCHUHN T'€HEPAIbHOU COBOKYIIHOCTH X, X,,...X, OT
HX CPpCAHETO 3HAYCHUA X, .
1 2
D,=13(x -x,)
r N ,; i r
reHepaJ'IBHBIM Cp€aAHUM KBaAPAaTUYCCKHUM OTKIOHCHUCM O, Ha3bIBACTCA

KOPEHb KBa/IpaTHBIN U3 T€HEPaAIbHOMN nucnepcun: o, =./D,. .

Beibopounoii nucnepcuein D,  Ha3pIBaeTCs CpegHEe apU(pMETHUECKOE

KBaJpaTOB OTKJIOHEHUS 3HAYEHMH BBIOOPKM  X,,X,,...X, OT HMX CPEIHEro

n

3HAYECHUS X, '

1l ) 1& )
D, = —Z(xl. — xB) uau D,==>n, -(x,. — xB)
ni=: ni=:
BEIGOpOUHOE CpeHee KBaApaTUIECKOE OTKIOHEHHE O, OIPENENSIETCs Kak

, =D, .

I[J'ISI Jydmero CoBInaacHusA C pe3yjibTaTaMu 3KCIICPUMCHTOB, BBOJAT ITOHATHC

SMIIMPHYECKON (MIIM UCTIPABICHHOMN) IUCIIEPCUH S

2 n 2 1 3 2
st = D,, st = S -(x,-x,)
e e

I[J'ISI OLICHKHN I'CHCPAJIbHOI'O0 CPECAHCTO KBAAPATHICCKOIO OTKIIOHCHHUSA CIIYKHUT
HCIIPABJIICHHOC CpPCAHCC KBaAPATHYCCKOC OTKIOHCHUC, HIIH BMHI/IpI/ILIGCKI/Iﬁ

CTaHJapT S:
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S =

1 k
n—l,;ni (x, - x,) (5.5)

B ClIydyac, Koraga BCC 3HAYCHUA BBI60pKI/I X,y X,,... X, DA3JIMYHBI, T.C.

n =1, k=n,opMynsl it s° ¥ § TPUHUMAIOT BHJ:

s = nilg(x" —xB)2 (5.6)

4. /losepumenvuuiit unmepean. /losepumenvnan 6eposmHoCHb.

PasnuyHbple  CTATUCTHUKH,  II0Jy4aeMble pe3yJbTaTe  BBIYUCIICHUU,
OPEJCTaBISIIOT COOOW TOUEYHBIE OLIEHKM COOTBETCTBYIOLIMX IapaMeTpOB
TE€HEPaJIbHON COBOKYITHOCTH.

Ecan w3 reHepasbHOM COBOKYIHOCTH U3BJIEYb HEKOTOPOE KOJIMYECTBO
BBIOOPOK M Il KaXJOW M3 HHUX HAWUTH HMHTEPECYIOU[ME HAc CTaTUCTHKH, TO
BBIYMCIICHHBIE 3HAaY€HUs OynyT NpPEICTaBIATh COOOW CiydaliHble BEJIUYHHBI,
UMEIOLIIE HEKOTOPBIM pazdpoc BOKPYT OIIEHMBAEMOIO ITapaMeTpa.

Ho, xak mpaBmio, B pe3ynbTaTe »OKCIEPUMEHTA B PACHOPSIKECHUHU
uccienoBaTenss uUMeercss oAHa BbIOOpka. IloATOMy 3HaYUTENbHBI HHTEpEC
IIPEACTABIACT IIOJYYEHUE WHTEPBAIIBHOW OLICHKH, T.€. HEKOTOPOIO HWHTEPBAIa,
BHYTPM KOTOPOTO, KaK MOYKHO TPEANOJOKHUTh, JIEKUT HCTHHHOE 3HAYEHUE
rapamMerpa.

BepoaTtHOCTH, NpU3HAHHBIE NOCTATOYHBIMU [JII YBEPEHHBIX CYXACHUAX O
IapaMeTpax NeHEPaIbHOM COBOKYIIHOCTH HAa OCHOBAHWUM CTAaTUCTHUK, HA3BIBAOTCS
JIOBEPUTEIIbHBIMH.

Jlig mpumepa pacCMOTpUM X, Kak OLIEHKY IlapaMeTpa a .

N3BecTHO, 4TO eciiu BIOOPKU U3BIICKAIOTCS M3 T€HEPATbHON COBOKYITHOCTH C
rapaMmeTpaMu:

M(X)=a D(X)=0"
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TO pacrpezesneHre BbIOOPOUYHbIX CPEAHUX X, OYIeT UMETh cpeliHee, paBHOE a ,
2
JTUCIEPCUI0  §, =0 /n, CpelHee KBagpaTHUyeckoe o, =0/+n, TIe n -
00beM BBIOOPKH M OyJeT MPUOIMKATHCS K HOPMAJIBHOMY.
Jlnst Takoro pacmupeneneHus, Kak U3BeCTHO, 68 % HaOMIOACHUI JISKUT B
uHTepBasie x,to/+n, 95% B untepBane x,*2-0/~n u 99% B
uHrepsaie x, +3-o0/+n.

ot ot
P| x ——<a<xB+T
n

o (5.7)

I
&

rae y = 2@(t) :

. - o - o
C HaJEe)KHOCTBIO P JOBEPUTEIbHBIA MHTEPBAI X—t—=<a<x—t—

Vn Jn
Jn

3aJaCMCid HAACKHOCTBKO P, a 3Had ) IIO Ta6HI/II_IaM JIIA (I)YHKHI/II/I Jlamnaca

IIOKPbIBACT HEU3BECTHBIN mapamMeTp a4 € TOYHOCTBIO o=t . 3IIGCI> MBI

HaxoJUM MapameTp { W Jajiee - JOBEPUTEIbHBIN MHTEPBAIL

Ho ucTuHHOE 3HaueHue mapamMerpa reHepajbHOM COBOKYMHOCTH @  Ham
Heu3BeCcTHO. [lodToMy Ha TMpakTMKE BMECTO TapaMeTpa &  HCHOJB3YIOT
BBIOOPOYHOE Cpe/lHee KBAJAPATUYECKOE OTKIOHEHHE §. TO €CTh IOBEPUTEIbHBIN

HHTCPBaAJ OIIPEACIIACTCA BBIPAKCHUCM

B \/;’ B \/;

Ho 3necy mapametp ¢ yxke mapametp pacnpeneneHuss CTbIoJEeHTa, KOTOPBII

x (5.8)

HaXOOUTCA 110 COOTBCTCTBYHOIIHMM Ta6HHHaM Inpu JaHHblIX B W Y, TAC )P -

3agaBacMasad HaACKHOCTD. OTO0T HHTCPBAJ IIOKPBLIBACT HEU3BECTHBIN [mapamecTp a

C HaJIEKHOCTBIO ¥ ,TA€ X, M § Haxouarcs no ¢popmynam (5,3), (5.4) u (5.5),

(5.6) COOTBETCTBEHHO.

Ipumep. Haittu noBepuTenbHbII MHTEpPBAN ISl OLUEHKH MaTeMaTH4YE€CKOIrO

OXUJAHUS @ HOPMAJIBbHOM CIIy9aliHOUN BEIMYWHBI ¢ HajeKHOCThIO ¥ = 0,95, 3Has
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BBIOOpOUHYIO cpegHiol — x, = 7515, oO0beM BbIOOpKM  n =64, cpenHee
KBaJpaTUYECKOE OTKIOHEHHE O = 8.

Pemenne. Mmeem 2®(t)=0,95. Orcronma Q(t)=0,475. IIo Tabmmite

3HaueHu# (yukiuu Jlamnaca Haxoaum ¢ = 1,96. Otcrona

ot ot 8-1,96 8-1,96
X,——=, X, +—=| = |[7515—-—-<a<7515+—=
( Jn \/Z) ( J/64 J64 )

(75,15-1,96<a < 75,15+ 1,96) = (73,19<a<77,11)

5. Ilpumenenue kpumepus Cmuvro0eHma 01 CPAGHEHUA 2eHEPATIbHBIX

COBOKyRHOCH L.

Hanpumep, HaMm Hamo oueHUTH 3(PGHEKTUBHOCTH ACHCTBUS PEKJIaMbl KaKOTO-
TO ToBapa. Jlo 3amycka pekjaMmbl Mpojiaka ToBapa Mo HeAeasaM (B IIT.) HMea
CHEYIOIINI BU:

70,78, 60, 80,60, 60,68; n,=7; x,=68; s'=440; s =21

B1 —
Ilocne BBIITYCKA PCKIIAMBI IIPOJa’Ka 3TOro K€ TOBapa IIO HCACIIKIM CTalla
NMETHb BU:

80, 75,62,70,68,71; n,=6; x,,=71; s.=188; s,~13,7

B2 =
CnenoBaTenbHO, JOBEPUTEIbHBIM HMHTEpPBAl C HAAEKHOCTBIO 95% s

NepBOI BLIOOPKHU paBEH

2-21_ e8416

68+ ==
J7

A s BTOpoi




o1
Takum oOpa3om, €cid MO CPEIHUM MBI MOXKEM CHAENAaTh MOJIOKUTEIbHBIH
BBIBOJl O BIIMAHMM PEKJIaMbl TOBAapa, TO IO JTOBEPUTEIBHBIM WHTEPBAIIAM MBI

BIIpaBC COMHCBATLCA: YK OYCHb BCJIMKHM MHTCPBAJIBI WM OHH 3HAYUTCIBHO

MEePEKPHIBAIOT APYT Apyra (cm. puc. 5.3).

B2

y N
v

50 60 70 80 90 100

Puc. 5.3

Omnako HamM HEOOXOIUMO CO BCEH OMNPEJeICHHOCThIO HUCTOJKOBATH
pe3yJIbTaThl SKCIIEPUMEHTA.

Mpb1 MO’XeM BBICKa3aTh JiBa MPEANOI0KEHUS (CTATUCTUYECKUE TUTIOTE3bI).

1. Hyneass rumore3a. Mexay TeHEpalbHBIMU COBOKYIHOCTSIMU C
napameTpaMM @, 4 a,, O, WU O, pa3HUIA paBHa HYJIO, T.. a, —4a,.
CrnemoBaTellbHO, pa3HUIIA MEXKAY BBIOOPOYHBIMU CPETHUMH d=x, —Xx,,

BO3HUKJIA CIIy4alHO, B IIPOLIECCE TPYIIIUPOBKU JAHHBIX.

2. AnbTepHaTHBHAs THIOTE3A, T.€. IPOTHUBOIOJI0KHAS.

Jna npoBEpKM ITUX THUIIOTE3 CYIIECTBYIOT CIIELUAIBHBIE I1apaMETPBI,
KOTOpbIE€ TaOYyIMPOBaHbI U IPUBOASTCS B COOTBETCTBYIOIINX CIIPABOYHHUKAX.

B d4actHOCTH, €ciM CpaBHUBAEMBbIE TEHEPAIBHBIE COBOKYNHOCTH HWMEIOT
HOpMaJbHBIA 3aKOH paclpeiesieHus, TO CpPaBHEHHE BBIOOPOUHBIX CpPETHHUX
IIPOBOJAT C IOMOIUBIO ¥ - Kpumepua ninu xpurepust CTbIOIEHTA:

(= (xBI - sz)_(al _az)
S

d

S = Z(xi_xBl 2+Z(xi_x82 2_”1+n2
‘- n +n,—2 n-n,

CornacHo HyneBOi runorese a, =a, a, —a,, OTCIJa:
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d
B2 o 5.9
< 59)

foXm =X

S

d d

HyneBast runoresa (pa3HULBI HET) OTBEpraercs, eciuu £, > ¢, Ui 33aHHOU
HaJIeKHOCTH M uMcna (creneHed codonel) k=n,+n,—2. 3pecs f, -

(axTnueckuit ko3ppuunent CTproneHTa, HalAeHHBIN 10 popmyrne (5.9), a £

TeOpeTUYECKU KO (PUITMEHT, HaliICHHBIN 110 CIICIHMATBHBIM TaOJIUIIaM.

440+188 7+6 _,
7+6-2 7.6

Jnsa namero npumepa d=71-68=3, §, = \/

CnenoBarensHo, f, = 12 =0,71. Ilo tabmuuam, aag Hage:xkHOCTH 95 % W uunciia
’

k=7+6-2=11, wnaxomum ¢t =2,2. MHUrak, ¢

St

<t A HYyJICBas TUIOTE3a

D St

COXpaHAETCA: pasHULA MEXKIY pe3yJbTaTaMH OIBbITa W KOHTPOJII OKa3ajlach
CTaTUCTUYECKU HEAOCTOBEPHOM.

Tabnuua ¢ - kpumepus CTbIOJICHTA.

K | YpoBHH HaJCKHOCTH
95% [ 99 % | 99,9 %
7 2,37 13,50 |5,51
8 1231 3,36 5,04
9 1226 |3,25 (4,78
10 2,23 | 3,17 | 4,59

6. Inemenmur meopuu Koppenayuu.
Mexay pa3lIdyHOrO pojia NpPU3HAKAMM, CIyYallHbIMU  BEJIMYMHAMU
MPAKTUYECKA BCErJa CYHIECTBYET B3aMMOCBS3b. TOJBKO HHOTIA 3Ty CBA3b MBI
3amMe4aeM, HO B OOJIBIIIMHCTBE CJIy4aeB 3TH B3aUMOCBSI3U YCKOJIb3AIOT OT HAIIIETO

BHUMAaHUHA.
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B omxHux cinydasx mnomydaercs (YHKIMOHAJIbHAs CBA3b, KOTJA MEXIY

OpU3HaKaMd X My CYLIECTBYET OAHO3HA4YHas 3aBHCHUMOCTb: y= f (x)

4
Hanpumep S=7x-R?, V=§-75-R3 U T.I.

B npyrux ciyyasx mnoJlydaercs KOpPpEeIsUMOHHAas 3aBUCUMOCTb, KOTJa
OJIHOMY 3HAYEHHUIO ITpU3Haka X COOTBETCTBYIOT HECKOJBKO 3HAYEHUH MPU3HAKA
Y. To ectb 31ech MBI UIMEEM JIEJIO CO CTATUCTHUECKOM CBA3BI0. Hampumep, cBs3b
MEXIY POCTOM YEJIOBEKAa M €ro BECOM, CBS3b MEXKIY CTaKEM pa0OTHHKA M
KaueCTBOM €ro TpyJia u T.J.

KoppensiiimonHast cBsi3b MEXJy NPU3HAKAMHU MOXET ObIThb JIMHEHHOH H
HEJIMHEWHOW, TOJIOKUTEILHOM W OTPULATENBHOM. 3ajadya KOPPEISIHUOHHOTO
aHaJlu3a CBOJUTCS K YCTAHOBJICHHWIO (OPMBI U HAIPABICHUS CBSI3U MEXIY
IPU3HAKaMU, U3MEPEHUIO €€ TECHOTHI U K OIIEHKE JOCTOBEPHOCTH BBIOOPOUYHBIX
KO3 (D (PUITMEHTOB KOPPETSALUU.

KOppCHHHI/IOHHLIM MOMCHTOM U, CﬂyqaﬁHBIX BeaqnunuH X MW Y Ha3bIBaroT

MAaTEMATUYECKOE OXKUJIAHUE MPOU3BEACHUS OTKIOHECHUM 3TUX BEJIUYUH OT CBOMX
MAaTEMATUYECKUX OKUIAHUMN:
He =M((X = M(x))- (¥ - M()))

KoppersimmoHHbId MOMEHT CHYKUT I XapaKTEPUCTUKHU CBSI3U MEXKIY
BesmunHaMu X u Y.

Koppensimonuslii MOMEHT paBeH Hymo, ecii X U Y HE3aBUCUMBI,
CJIEOBATENBHO, €CJIU KOPPEISLUOHHBII MOMEHT HE paBeH Hy/MO, T0 X U ¥ — B
KaKOW-TO CTENEHH 3aBUCHUMBIE CITyYAHBIC BEJIMYUHBI.

Teopema 1. KoppensiiMOHHBII MOMEHT JBYX HE3aBHUCHUMBIX CIIyYalHBIX
BesimuuH X U Y paBeH HyII0.

Joka3zarenscTBO: T.K. X U ¥ — HE3aBUCHUMBIE CIyYalHbIE BEJIMYUHBI, TO UX

OTKJIOHEHUS OT CBOMX MaTeMaTHUECKHX oOxumaHui X —M(X ) n Y —M(Y )

TaKoKC HC3aBHMCHMBI. HOJ’II)BYSICB CBOMCTBAMH MAaTEMaTHUUYECKOTO OXXUJaHHA

(M&TCM&TH‘ICCKOC OKNAAHUEC IMPOU3BCACHNA HCE3aBHCHUMBIX CJ'Iy‘I&fIHBIX BCINYHH
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PaBHO NPOU3BEAECHUIO MATEMATHYECKUX OKUAAHUN COMHOKUTENE) U OTKIIOHEHUS
(MaTeMaTHYECKOE OXKUAAHUE OTKIIOHEHUS PABHO HYJIIO), OJYyYUM
Hy =M((X = M(X))- (¥ - M(¥))= M(X - M(X))- M(¥ - M(Y))=0-0=0

N3 onpeneneHus KOpPpEISLUHUOHHOIO MOMEHTa CIIEIYyeT, 4YTO OH HMEET
pPa3MEPHOCTh, PABHYIO NPOW3BEICHHUIO pa3MmMepHocTed BenmunH X U Y, T.e.
BEJINYMHA KOPPEISITUOHHOTO MOMEHTA 3aBUCHUT OT €AVMHULl U3MEPEHHUSI CIIy4alHbIX
BennunH. [losToMy s OOHMX W TeX K€ JBYX BEJIMYMH BEJIMYMHA
KOPPEJISIIMOHHOIO MOMEHTAa UMEET PA3JIUYHbIE 3HAYEHUs B 3aBUCUMOCTHU OT TOTO,
B KaKUX €IMHUIIAX ObLIM U3MEPEHBI BEJTMUUHBI.

Takast 0cOOEHHOCTb KOPPEISIIMOHHOIO MOMEHTA SIBISIETCS HEJOCTATKOM 3TOU
YUCJIOBOM XapaKTEpUCTHKH, T.K. CPAaBHEHUE KOPPEISLMOHHBIX MOMEHTOB
PA3IMYHBIX CUCTEM CIIyYarlHbIX BEJIMYUH CTAHOBUTCS 3aTPYyAHUTEIBHBIM. JlJ1s1 TOrO
YTOOBI YCTPAHUTH 3TOT HEJOCTATOK, BBOJSAT HOBYIO YUCIOBYIO XapaKTEPUCTUKY—

K03(ppULIMEHT Koppessauuu r,, .

Koaddunrentom koppensuuu ciydailHbIX BelWuydH X © Y  Ha3bIBalOT
OTHOLIEHHWE  KOPPEJSIMMOHHOIO  MOMEHTa K  IPOU3BEICHUIO  CPEIHUX

KBaAPaTHICCKHUX OTKJIOHCHHMH ATHUX BEJIMYUH:

ﬂxy

r i . ——
o0,

Xy

Tak xak pasMepHOCTb 4, PaBHA IPOU3BEIECHUIO PA3MEPHOCTEN BEMMUUH X
u Y, o, ¥WMeeT pasMEpHOCTh BEIMYMHBI X , O, HMEET PA3MEPHOCTH BEINYUHBI
Y, 10 r  — Oe3pasMepHas BEIMYUHA.

Takum oOpazoMm, BenuuuHa KOd(h UIIMEHTa KOPPEIAlUd HE 3aBUCUT OT
BBIOOpA €IMHUIl U3MEPEHUS CIIYYalHBIX BEIMYMH. B 3TOM M COCTOHWT TpEeuMYy-
IECTBO K0P PUIIMEHTA KOPPEISAIUU TTePE] KOPPEISIITUOHHBIM MOMEHTOM.

OueBuaHO, KOADOUIIMEHT KOPPETSAIUN HE3aBUCHUMBIX CITyYalHBIX BEIIMYUH

paBeH Hyso (T.K. g =0).
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AOcomoTHasT BenuurHA KOY(PPUIIMEHTA KOPPENISIMA HE MPEBBINIACT
€ IUHUIEL: ‘rxy‘ <1

Ha mpaktuke Mbl MMeeM [€J10 C BBIOOpKAMH, a HE C TeHEepalbHbIMHU
COBOKYNHOCTAMH. [loaTOMy Ha TpakTUKE pacCUUTHIBAIOT  BBIOOPOYHBIMA
KOO PUIIMEHT KOppemsiliiuUd, KOTOPBIA MOKET OBbITh JOCTOBEPHBIM WJIM HET.

Brei6opounsiii  KOAG(GUIIMEHT KOPPENALMA PACCUUTBHIBACTCA M0  CIIEAYIONIeH

dbopmye:

o= (5.10)

"B S

i=1 i=1
Koadpounuent xoppensuyu yAoOHBIM IOKa3aTelb CBSI3M, MOJYYUBLINIA
IIMPOKOE NPUMEHEHHE B MPaKTUKE. OTO OTBJICUYEHHOE YHUCIO, JIeKallee B
npenenax or -1 go +1. Ilpu He3aBUCMMOM BapbHpPOBaHUM MPHU3HAKOB, KOIJa
CBSI3b MEXKAY HUMH OTCyTCTBYeT, r=0. [Ipu r>0 cymecTByeT nonoxuTeIbHas

CBSI3b MEXIy Mpu3Hakamu (C poctoMm Xx pacter u y). llpu r<0 -
OTpHUIIaTEIbHAS CBS3b - C POCTOM MPU3HAKA X TPHU3HAK Yy yMEHbIIaercs. Yem

OonplIe r O MOAYJIO, TEM TECHEE CBA3b MEXAy npu3Hakamu. Ilpu r=1
MEX Iy MPU3HAKAMU CYIECTBYET QYHKIIMOHAIbHAS CBA3b.

JIvmp OIMH HENOCTATOK MMEETCS y 3TOr0 LEHHOIo IoKasarels - OH
CIOCOOEH XapaKTepU30BaTh JUIIbL JIMHEWHBIN CBs3U. [Ipyn Hanuuuu HETUHEHHOU
CBSI3M MEXAY KOPPEIUPYIOIIMMHU NPU3HAKAMU CJIEAYET HCMOJIb30BaTh JPYrue
MTOKA3aTEJN.

Bor16opounbiii KO3(PUITMEHT KOPPENALUUA CIYKUT OIIEHKOW TEeHEepaIbHOTO

napameTrpa  r

., W, Kak Cly4aiiHas BEJIMYMHA, CONPOBOXKIAETCS OIIMOKAMH.
[losToMy 31€Ch TakKe MPOBEPSIETCS TUIMOTE3a O 3HAYMMOCTH BBIOOPOUYHOIO
kod(dpureHTa KoppesaIuu.

[Iycte paByMepHass TreHepaibHas COBOKYIHOCTH (X , Y ) pacrpeneneHa

HOpMaJIbHO. M3 3TOM COBOKYITHOCTHU M3BJICUEHBI BHIOOPKH 00BEMOM M U IO HUM

HalileH BBIOOPOYHBIM KO3(PPUIMEHT KOppensuuu r

> KOTOPBIM OKaszaJjcs
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OTJAMYHBIM OT HyJsA. Tak Kak BBIOOPKM OTOOpaHbl CIIydallHO, €Ile Helb3s

3aKJIIOYUTh, YTO KOAPPUIMEHT KOPPEALMH FeHEPAIbHOW COBOKYITHOCTH F, TaKXe

OTJMYEH OT HYJA. A, MOCKOJIbKY HAaC MHTEPECYET MMEHHO A3TOT KO3(HIMEHT,
BO3HUKAET HEOOXOIMMOCTh NpPU 3aJaHHOM YpPOBHE 3HAUMMOCTU & TIPOBEPUTH

Hyjaesyto runoresy H, . p=0 o0 paBeHCTBe HyJIIO reHepaNIbHOro Ko3(duumeHTa
KOppeJsLUY ITpU KOHKypupytomei runoreze H, @ r,. #0.

Ecnu HyneBas rumote3a OTBEpraercs, 3HAYUT, BHIOOPOUHBIN KOI(PPUIMEHT
KOppEJSILIMM 3HAYMMO OTJIMYAETCsl OT HyJs (KpaTKo ToBops, 3HauuM), a X u Y
KOPPEJIMPOBAaHHBL, T. €. CBSI3aHbI JINHEWHON 3aBUCUMOCTBIO.

Ecnu xe HyneBas rumore3a OyIeT MNPUHATA, 3HAYUT, BBIOOPOUYHBIN
KO3QOUIUEHT  KOppeisiMu  sBJIsSeTCs  He3HauuMblM, a X u Y
HEKOPPEIUPOBAHHEBIE, T. €. HE CBA3aHbI JIMHEMHON 3aBUCUMOCTBIO.

B kadectBe KpuTepHs IPOBEPKH HYJEBOW THIOTE3Bl IMPUMEM CIyYaHYIO

BCIIMUYUHY

oy P2
o J1-r}

Bennunnaa ¢ 1pu CIIpaBeIJIMBOCTH HYJIEBOW TMIIOTE3bI UMEET PACIIPEACICHUE
Creronenra ¢ k = n—2 creneHsIMu cBOOOIEI.

OO003HaunMM 3HAUYE€HHUE KPUTEpUs, BBIUMCICHHOE IO JAHHBIM HaOJIOJCHUM,

yepe3 £, . ¥ cHOPMYIUPYEM IPABUIIO MPOBEPKHU HYJIEBOW TMIIOTE3BI.

Haon

IpaBwio. Jlnsg Toro yToObl NMpU 33JaHHOM YpPOBHE 3HAYMMOCTH
npoBepuTh HyineByto runoresy H,: r, =0 o paBeHCTBE HYJI I'€HEpPaJIbHOIO
K03 puImeHTa Koppensuun npu KoHKypupytomei runoreze H,: r. #0, Hano

BBIYHCJIIMTD Ha6HIOI[aeMOG 3HAYCHUC KPUTCPHUA:

(5.11)

U 10 TalJuIle KPUTUUECKUX Touek pacrpesencHus CTbIOJIEHTa, MO 3aJaHHOMY
YPOBHIO 3HAYMMOCTH M YHCITy CTeNeHel cB0OOab Kk = n— 2 HAWTH KPUTHYECKYIO

TOUKy £, (a, k) :
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Ecin ‘t”m‘ < txp(a,k) — HET OCHOBAHHMH OTBEPrHYTh HYJIEBYIO TMIIOTE3Y,

ecim ‘tmﬂ‘ > txp(a,k) - TO €€ OTBEPraror.

B To BpeMs kak 3amada KOPPEJSIHIMOHHOTO aHAIN3A - YCTAHOBUTH, SIBJISIFOTCS
JY JAaHHBIE CIIy4ailHbIE BEIMYHMHBI B3aWMOCBS3aHHBIMHU, 1€b PETPECCUOHHOIO
aHaJIn3a - OIKCATh 3Ty CBS3b AHAJIUTHUYECKOW 3aBUCUMOCTBIO, T.€. C IMOMOIIBIO
ypaBHEHHUsI. MBI pacCMOTpPHUM CaMbIii HECIIOKHBIM CiIydad, KOTJA CBA3b MEXKIY
TOYKaMU Ha Tpaduke MOXKeT ObITh MpeACTaBieHa MPSAMOM JUHUEH. YpaBHEHUE
3TOM npsAmMor tuann Y =a- X + b, rae

>(x,-x,)¥-¥,)

b="" (5.12)

Zn:(Xi - ch)2

i=1

a=Y —-b-X

!

3Has ypaBHEHHE MPSAMOH, Mbl MOXEM HAXOAUTh 3HayeHUe (YHKLIHUH 10
3HAYEHHUIO apIyMEHTa B T€X TOYKax, rJe 3HaueHue X H3BECTHO, a Y - HeT. Otn
OLIEHKM OBIBAIOT OYEHb HYXHBI, HO OHU JOJKHBI HCIIOJI30BATHCA OCTOPOXKHO,
O0COOEHHO, €CIIH CBSA3b MEKY BEITUYMHAMH HE CIMIIKOM TecHas. OTMETUM TaKxKe,
4TO U3 comocTaBiaeHuss GopMmyn aias b u r BHUIHO, 4TO KO3((PULIKEHT HE NaeT

3HAa4YCHHUEC HAKJIOHA HpHMOﬁ, a JIMIIb ITOKa3bIBACT CaM (baKT HaJIn4usa CBA3U.

7. Ilposepka cunomesvl 0 HOPMATLHOM pacnpedeleHUU 2eHEPAbHOT
cosokynnocmu. Kpumepuii coenacusn Ilupcona.

Panee mpeanosaranoce, 4YTO 3aKOH  PAacHpeAciieHUs  IeHEPalbHOU
COBOKYITHOCTH W3BeCTEH. Ecim ke OH HEU3BECTEH, HO €CTh OCHOBAaHUSA
NPEANnoJOXKUTh, YTO OH HMEET ONpeleieHHbI BUI (Ha3oBeM ero A), TO
IIPOBEPAIOT HYJIEBYIO TUIIOTE3Y: IEHEPAIbHAs COBOKYIHOCTBH pacCIpelesieHa I10
3aKOHy A .

[IpoBepka  rUMmOTE3BI O  MPEANOIAracMOM  3aKOHE  HEM3BECTHOIO
pacrpeneneHus IpOU3BOAUTCS TaK Ke, KaKk M IPOBEpPKa TMIIOTE3bI O Iapamerpax
pacmpeneneHus, T. €. IpU TOMOINM CHEIUaIbHO TOJA00paHHON CiydyalHOU

BCIIMYHUHBI — KPUTCPHUA COIIacus.
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Kpurepuem cornacuss ¢’ Has3bIBalOT KPUTEPHH IIPOBEPKH TMIIOTE3BI O
MPEANO0JIAraéMOM 3aKOHE HEM3BECTHOTO PACIIPEICICHUA.

HNMeeTcsi HECKOJBKO KPUTEPUEB COTJIACHS, HO Mbl OTPAHUYMMCS OMMCAHUEM
npumMeHeHus: Kputepus IlupcoHa Kk TpoBepke THUNOTE3bl O HOPMAJIbHOM
pacmpesielieHUd  TeHEepallbHOM  COBOKYIHOCTH  (KpUTEpUil  aHAJOTUYHO
NpUMEHSICTCI ® I JIp. pacnpenenenuii). J[ns storo OymeM cpaBHHBaTh
sMmupudeckue  (HaOmromaemMpie) W TEOpPETHYECKHE  (BBIUMCICHHBIE B
MPEANOJI0KEHUH HOPMAJILHOTO PacipeieNICHHUs) YaCTOTHI.

OOBIYHO  SMIHUPUYECKHE W  TEOPETUYECKHE YacCTOThl  Pa3InyaroTCs.
Bo3MO0XHO, 4TO pacxokIeHue cilydalHO (HE3HauuMo) U oObscHseTca Jaudo Ma-
JBIM YHUCIOM HaOMIOACHHWH, MO0 CnocOOOM WX TPYNIUPOBKH, JHOO IAPYyruMU
npuYrHaMu. BO3MOXXHO, YTO pacxoXkJAEHHE YacTOT HECIy4ailHO (3Ha4uMO) H
OOBSICHSIETCSI TEM, YTO TEOPETHUUECKHUE YACTOThI BHIYMCIIEHBI UCXO/S U3 HEBEPHOM
TUIIOTE3bl 0 HOPMAJILHOM PACTIPEEICHUH T€HEPAIbHOW COBOKYITHOCTH.

Kpurepnii Ilupcona orBewaer Ha Bompoc «Cayuainno u pacxorcoeHue
yacmom?». [lpaBnia, kak u J0001 KpUTEPUH, OH HE JIOKA3bIBAET CIIPABEAJIMBOCTb
TUIIOTE3bl, a JJUIIb YCTAHABIMBAET HA MPUHATOM YPOBHE 3HAUMMOCTHU €€ COrJlacue
VI HEcorjacHue ¢ JaHHBIMU HAOII0ACHUH.

HUtak, mnycte 1o BbeIOOpKE 00bEMa M  MOJYYEHO HSMIUPUYECKOE

pacnpeneneHue: BapuaHTel - X,. X, X,,... X,, OMIMPHUYECKHE YaCTOTHI - N,

n,n,,..n,.

Homyctum, dYTO B NOPEANOJOXKEHUH HOPMAJIbHOIO  pacHpeIesIeHUs
TEHEPAJIbHOM COBOKYIIHOCTH BBIYMCIIEHBI TeOopeTHdeckue dvactorel n',. llpu
YPOBHE 3HAYMMOCTH @ TpeOyeTCsi MPOBEPUTHh HYJIEBYIO THIOTE3y: T'€HepalibHas
COBOKYITHOCTB pacIpeelIeHa HOPMaJIbHO.

B kauectBe KpuTepus NPOBEPKM HYJIEBOM THUIOTE3bl NMPUMEM CIIYYAWHYIO
BEJIMYUHY

(=)
c? = Z n,—n,; .
n'

1



59

OTa BeaMYMHA CHydailHas, T.K. B Pa3JUYHBIX OINbITAX OHA MNPUHUMAET
pa3liuyuHble, 3apaHee HE W3BECTHbIE 3HAueHHs. SICHO, YTO, 4YE€M MEHbIIIE
pa3IMyaroTCa AMIUPUYECKUE U TEOPETUYECKHE YacCTOThI, TEM MEHBIIE BEIHMYHHA
KpUTEpUs, U, CIETOBATEIbHO, OH B U3BECTHOW CTEMEHU XapaKTEpPU3yeT OJIN30CTh
AMIIUPUYECKOTO U TEOPETUUECKOTO PACTIPECICHUI.

CrouT 3aMeTHTh, YTO BO3BEICHHE B KBAJpPaT Pa3HOCTEH YaCTOT YCTpaHSET

BO3MOXHOCTb B3aWMMHOI'O IIOTrallICHUA IIOJIOKHUTCIBHBIX W OTPHULIATCIIBbHBIX

o ’
Pa3HOCTCHU. J_IGJ'IGHI/IGM Ha ni AOCTUTAIOT YMCHBIICHUA KAXKIOT'O U3 CJIAraCMbIX

— WMHa4C¢ CymMMma OblI1a OBl HACTOJBKO BCJIMKA, YTO IIPUBOAXIIA OBl K OTKJIOHCHHIO
Hy.HCBOﬁ THUIIOTE3bI JAKC TOrAd, KOrja OHa CIIpaBC/JIMBa.

JIOKa3aHO, 4TO NP A —> 00 3aKOH PACIPEIeIeH s Cy4aliHOM BEIMYUHEL ¢’

HC3aBHCHMO OT TOI'O, K KaKOMY 3daKOHY PacCIIPCACIICHUA ITIOAYMHCHA I'CHCpAJIbHAA

COBOKYIIHOCTb, CTPEMHUTCS K 3aKOHy pacnpeneienus y° ¢ Kk creneHamu

cBoOoxbl. IlosToMy ciy4aiiHas BenuuuHa ¢’ o0O3Ha4YeHa 4depe3 y°, a cam

KpUTEPHUI HA3bIBAIOT KPUTEPUEM COTJIACHUS «XU KEAOPAM).

Yucno cremneHeil cBOOOIBI HAaXOHST MO paBeHCTBY k=s-r-1, rae s —
YHUCJIO TPYNI BBIOOPKH; F — YHUCIO TApaMeTpoOB MPEIIoiaraeMoro pacrpe-
JICJIeHN s, KOTOPBIE OLIEHEHBI 110 TaHHBIM BBIOOPKH.

B wactHOCTH, ecnu mpeanonaraeMoe pacipeneieHine — HOPMalbHOE, TO
OIICHUBAIOT JBa napaMmerpa  (MaTeMaTH4YecKoe OKUIaHHE U CpeaHee
KBaJpaTUYECKOE OTKJIOHEHHUE), MOATOMY r=2 ¥ YHUCJIO CTEMEHEeW CBOOOIbI
k=s-r-1=s-3.

Tak Kak OJHOCTOPOHHHMI KpuUTepuil Oo0jiee MKECTKO OTBEpPraeT HyJEBYIO
THIIOTE3y, YEeM JBYCTOPOHHHM, MOCTPOMM TPABOCTOPOHHIOK KPUTHUYECKYIO
00J1acTh, UCXO/ISI U3 TPEOOBaHUS, YUTOOBI BEPOATHOCTH TIOMAIAHUS KPUTEPHUS B ITY
00acTb B TPEAINOJIOKEHUU CIPABEJIMBOCTH HYJIEBOM THIOTE3bl OblIa paBHA

MMPHUHATOMY YPOBHIO 3HAYMMOCTH

a
P |7 >;(fp(a;k)J=a.
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OO0o03HauMM 3HAUYEHHE KPUTEPUsS, BBIUMCICHHOE MO JAHHBIM HaOIIOACHHIA,
uepes .., ¥ CHOPMYJIMPYEM IIPABUIIO POBEPKH HYJIEBOM THIIOTESHI.

HpaBI/IJI02 JJIA TOTIo YTOOBI IIpu 3aJaHHOM YPOBHC 3HAYUMOCTHU IIPOBCPHUTH

HyJeBylo Tunotesy H, (reHepaibHas COBOKYIHOCTH pacHpesiesieHa HOPMaJIBHO),

HaJ0 CHa4daJla BbIYHCIHUTb TCOPCTHUUYCCKHUC YaCTOTBI, a4 3aTCM Ha6moz[aeMoe

SHAYCHUC KPUTCPU:
2 —
ZHAE/I -

¥ 10 TabIMIle KPUTHYECKHX TOYEK paclpeleeHus ¥°, IO 3aJaHHOMY YPOBHIO
3HQUMMOCTH @ U YHUCIYy CTeNeHell cBoOoabpl Kk =s§—3 HAlTU KPUTHUECKYIO

TOUYKY ;(fa,(a, k). Ecnu x5, <Xip — HET OCHOBAHWH OTBEPTHYTH HYJIEBYIO

TUIIOTE3Y, €CIU ¥ ppr > Xop — HYJIEBYIO THIIOTE3Y OTBEPIAIOT.



